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1.  INTRODUCTION 

The Blue Mountains ecoregion extends from the Ochoco Mountains in central 

Oregon to Hells Canyon of the Snake River in extreme northeastern Oregon, and 

then north to the deeply carved canyons and basalt rimrock of southeastern Wash-

ington. This area contains more than 5½ million acres of National Forest System 

lands (fig. 1). 

This white paper discusses silvicultural considerations associated with active 

management of moist upland forests1, a biophysical environment found most com-

monly in the northern Blue Mountains, and to a lesser extent in the central and 

southern Blue Mountains (table 1, fig. 2). Appendix 1 provides a list of the potential 

vegetation types (plant associations, plant community types, plant communities) oc-

curring in the moist upland forest potential vegetation group (PVG). 

Table 1: Acreage summary for upland forest potential vegetation groups of the 

Umatilla National Forest. 

Potential Vegetation Group North Half South Half Total 

Cold Upland Forest 34,832 ac (21%) 132,314 ac (79%) 167,145 

Pct. Of Forested 7% 23% 15% 

Pct. Of Total 5% 20% 12% 

Moist Upland Forest 368,847 ac (70%) 162,283 ac (30%) 531,130 

Pct. Of Forested 70% 28% 48% 

Pct. Of Total 51% 24% 38% 

Dry Upland Forest 123,129 ac (30%) 286,316 ac (70%) 409,445 

Pct. Of Forested 23% 49% 37% 

Pct. Of Total 17% 42% 29% 

Nonforest 201,481 ac (68%) 94,667 ac (32%) 296,147 

Pct. Of Total 27% 14% 21% 

Sources/Notes: Derived from spatial data available in the Umatilla National Forest geo-

graphical information system. 

Although moist upland forests of the Blue Mountains have been actively man-

aged since the 1950s (see section 5.13), some stakeholders and publics began to voice 

issues and concerns about moist-forest management in the late 2000s. Comments 

received in response to environmental analysis documents assert that the Forest 

Service lacks a credible scientific rationale for proposing treatments on moist-forest 

sites, that moist-forest management is an area of scientific controversy, and that 

best available science does not support active management of moist forests. 

                                                 
1 A companion white paper (F14-SO-WP-Silv-4) discusses silvicultural considerations for ac-

tive management of dry upland forests (Powell 2012). 
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Figure 1 – The Blue Mountains ecoregion of northeastern Oregon, southeastern 

Washington, and west-central Idaho consists of a series of mountain ranges in a 

southwest to northeast orientation, extending from the Ochoco Mountains in central 

Oregon to the western edge of the Seven Devils Mountains in west-central Idaho. 

Blue shading depicts the geographical distribution of three national forests in the 

ecoregion: Malheur, Umatilla, and Wallowa-Whitman. 

This white paper is one response to issues and concerns raised about moist-forest 

management since the late 2000s. The intent of this document is not to promote any 

particular perspective, as in the ‘correct’ interpretation of moist-forest management, 

but to provide concepts and principles supporting further dialogue about active 

management of moist upland forests in the Blue Mountains. Since it provides back-

ground information only, it is not intended to be a ‘cookbook’ or ‘how-to’ guide. 

Why develop a white paper in response to moist-forest issues and concerns? The 

basic concept behind this approach is that project planning processes tend to be sim-

ilar across Blue Mountain national forests (such as environmental analyses required 

by NEPA, the National Environmental Policy Act), so there is little justification for 

unnecessarily providing the same background information in every NEPA document. 

Some of the background information used for project-level NEPA, including ma-

terial related to biophysical characterization, potential vegetation classification, dis-

turbance ecology, and forest structural stages, is largely unchanged from one analy-

sis to another. One example is assignment of potential vegetation types (PVTs) to 

potential vegetation groups (PVGs) (i.e., which PVTs qualify as moist forest?); the 

assignments seldom vary from one planning area to another, so the methodology 

could be described in a report or white paper and then cited (Powell et al. 2007). 
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Figure 2 – Distribution of upland forest (UF) potential vegetation groups on 

the Umatilla National Forest (north-end districts above; south-end below). 
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During project planning, the Forest Service sometimes assumes that background 

information sources are not readily available to readers of NEPA documents (by pre-

suming a lack of internet access, or similar constraints). Under this assumption, 

document preparers may decide to include quite a bit of background material in the 

NEPA document itself (instead of citing white papers, general technical reports, and 

other sources). 

In actuality, it is much more efficient to direct a NEPA document reader to a 

white paper or general technical report for background information, thereby allow-

ing the document itself to address the specifics of a planning area. By minimizing 

unnecessary background information, this approach focuses a NEPA document on 

treatment locations and specifications, design features, environmental effects, and 

other details about the project and its proposed action. 

My objective for this white paper about active management of moist upland for-

ests in the Blue Mountains is to: 

1. Help establish a foundation of relevant literature (‘best available science’), con-

cepts, and principles relating to moist-forest management. Note that science is 

synthesized from my frame-of-reference as a practitioner. 

2. Synthesize and summarize background information in a citable reference sup-

porting project planning (NEPA) processes for the Malheur, Umatilla, and Wal-

lowa-Whitman national forests. 

3. Define and characterize moist-forest environments of the Blue Mountains. 

a. Describe the ecological setting of moist forests for the Blue Mountains: how 

are they defined in a potential vegetation context (section 2 and appendix 1)? 

b. Provide a narrative describing historical application of management activi-

ties in moist-forest ecosystems (section 3): how did historical management 

practices contribute to existing conditions for moist forests? 

c. Describe disturbance ecology concepts, including a discussion about how ac-

tive management can be designed to mimic natural disturbance processes 

(provided by section 4 primarily, but also by portions of section 6). 

d. Describe important disturbance agents and processes affecting moist forests 

(section 5): defoliating insects (western spruce budworm and Douglas-fir tus-

sock moth), dwarf mistletoes, stem decays, root diseases, bark beetles (moun-

tain pine beetle, Douglas-fir beetle, fir engraver), wildfire, windstorms, tim-

ber harvest, invasive species (white pine blister rust, balsam woolly adelgid), 

and climate change. 

e. Conclude with a discussion of active vegetation management considerations 

and recommendations for moist forests (section 6). 

Document formatting notes: Unlike the dry-forest white paper (F14-SO-WP-

Silv-4), which disperses glossary terms throughout the text, this white paper in-

cludes a separate glossary section near the end of the document. Eight short topics 

of special interest are provided as consecutively numbered Boxes. At the beginning 

of long sections (sections 4-6), a short summary is provided in a gray box. 
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2.  ECOLOGICAL  SETTING 

A distant summer view of the Blue Mountains shows a dark band of coniferous 

forest occurring above a lighter-colored grassland zone. Each of the two contrasting 

areas seems to be homogeneous, and the border between them appears sharp. A 

closer view reveals great vegetation diversity within each zone (fig. 3) and borders 

that are poorly defined: herbaceous communities and stands of deciduous trees are 

scattered throughout the coniferous forest, and the species of dominant conifer 

changes from one site to another (Powell 2000). 

At the foot of the Blue Mountains, fingers of forest and ribbon-like shrub stands 

invade the grassland zone for varying distances before becoming progressively less 

common and eventually disappearing altogether. This vegetation pattern indicates 

that the Blue Mountains are actually broken up into a myriad of small units, many 

of which repeat in an intricate, changing pattern. Making sense of this landscape 

mosaic is possible using a concept called potential vegetation (Powell 2000). 

Potential vegetation is defined as the community of plants that would become es-

tablished if all successional sequences were completed, without interference by hu-

mans, under existing environmental conditions (Hall et al. 1995). It also implies that 

over the course of time and in the absence of future disturbance, similar types of 

plant communities will develop on similar sites (Pfister and Arno 1980). 

For the Blue, Ochoco, and Wallowa mountains of northeastern Oregon and 

southeastern Washington, potential vegetation has been organized into two closely 

related hierarchies – a fine-scale hierarchy useful for project planning (Hall 1989), 

and a mid-scale hierarchy ideal for strategic assessments (Johnson et al. 1999, REO 

1995; fig. 4). 

The mid-scale potential vegetation hierarchy has three levels: physiognomic clas-

ses, potential vegetation groups, and plant association groups (Powell et al. 2007). 

Since plant associations and other fine-scale potential vegetation types (plant com-

munity types, etc.) are aggregated to form plant association groups, the plant associ-

ation provides a link between the fine- and mid-scale hierarchies (fig. 4). 

Potential vegetation (PV) is used to classify biophysical environments because it 

has an important influence on ecosystem processes. It is the ecological engine that 

powers vegetation change  it controls the speed at which shade-tolerant species get 

established beneath shade-intolerant trees, the rate at which forests produce and 

accumulate biomass, and the impact that fire, insects, pathogens, and other disturb-

ance agents have on species composition, forest structure, and tree density. 

The implications of these ecological and successional processes are predictable 

(within limits) because they can be related to PV, and sites with similar PV tend to 

behave in a similar way (Cook 1996, Daubenmire 1961). 
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Figure 3 – Vegetation zones of the Blue Mountains (adapted from Powell 

2000). In the northern hemisphere, a south-facing slope receives more solar 

radiation than a flat surface, and a north-facing slope receives less (south 

slope is to the left, and north is to the right). These solar radiation patterns 

result in the vegetation zones or bands shown here – they are arranged ver-

tically in response to elevation (moisture), and sloping downward from south 

to north (left to right) in response to slope direction or aspect (temperature).  

The plains zone contains grasslands and shrublands because moisture is 

too low to support forests except along waterways. The foothills zone is usual-

ly dominated by western juniper, often with a mixture of mountain-mahog-

any shrublands. Located above the western juniper woodlands is the lower 

montane zone, which contains dry mixed-conifer forests in the ponderosa 

pine, grand fir, and Douglas-fir potential vegetation series. The upper mon-

tane zone includes moist mixed-conifer forests in the Douglas-fir, grand fir, 

and subalpine fir series (moist upland forests are the subject of this white 

paper). This moist mixed-conifer zone consists of 13 grand fir types, 10 subal-

pine fir or fir-spruce types, and 3 Douglas-fir types (plus miscellaneous aspen 

and lodgepole pine community types; see appendix 1 for specifics). High ele-

vations support a subalpine zone with Engelmann spruce and subalpine fir, 

or an alpine zone near mountain summits where trees are absent. 

Because of its predictive power, PV is extremely useful for estimating the impact 

of disturbance processes on differing ecological environments (also see section 6.5). 

For example, a prescribed fire with a flame length of 2 feet and a fireline intensity of 

25 BTU/ft/sec has relatively benign, nonlethal results when used on dry PV sites 

where the overstory trees have thick bark (ponderosa pine, Douglas-fir, larch). The 

same burn has dramatically different results (near-complete tree mortality) on cold 

PV sites dominated by thin-barked subalpine firs and lodgepole pines. 
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Figure 4 – Hierarchy of potential vegetation (PV) for the Blue Mountains 

(from Powell et al. 2007). PV taxonomic units have been organized as two in-

tegrated portions of a hierarchy. Fine-scale hierarchical units are described 

in PV classification reports (Crowe and Clausnitzer 1997, Johnson 2004, 

Johnson and Clausnitzer 1992, Johnson and Simon 1987, Johnson and Swan-

son 2005, and Wells 2006); midscale units are primarily described in reports 

from the Interior Columbia Basin Ecosystem Management Project (such as 

Jensen et al. 1997). Potential vegetation types (PVTs) provide a link between 

the fine- and mid-scale portions of the hierarchy because PVTs are aggregat-

ed to form plant association groups. 

2.1 Moist Upland Forest Potential Vegetation Group 
Moist upland forests tend to occur at moderate elevations of the montane vegeta-

tion zone and at low elevations of the subalpine zone. Late-seral stands are domi-

nated by subalpine fir, grand fir, or Douglas-fir as the climax tree dominants, while 

lodgepole pine or western larch often occur as early-seral species in this biophysical 
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environment. Douglas-fir and western white pine function as mid-seral species (ex-

cept on sites where Douglas-fir is climax). Moist forests are adjoined by cold upland 

forests at their upper edge, and by dry upland forests at their lower edge (fig. 3). 

As described earlier, potential vegetation represents the underlying foundation 

on which the biological landscape is constructed. It functions as a biophysical tem-

plate (geology, soils, climate) controlling which tree species, and the proportions of 

each, that can exist for any particular suite of physical site factors – each unique 

combination of site factors results in a slightly different temperature and moisture 

regime. For the Blue Mountains, temperature and moisture regimes are used to es-

tablish plant association groups and potential vegetation groups (Powell et al. 2007). 

For the Blue Mountains, the Moist Upland Forest PVG consists of five plant as-

sociation groups (PAG) – three in the cool temperature regime (Cool Wet, Cool Very 

Moist, and Cool Moist PAGs), and two in the warm temperature regime (Warm Very 

Moist and Warm Moist PAGs). The Cool Moist PAG is by far and away the most 

common member of the Moist UF potential vegetation group (appendix 1). Cool 

moist forests are moister than warm dry forests at lower elevations, and warmer 

than cold moist forests at higher elevations. 

Cool, moist forests (defined as potential vegetation types assigned to the cool 

moist upland forest plant association group) tend to occupy the most productive for-

ested environments of the Blue Mountains because moisture is usually not limiting 

– the temperate nature of this PAG is reflected in high species diversity and a closed 

forest structure. The high floristic species diversity pertains to both the overstory 

(forest) composition (when considering all of the early-, mid-, and late-seral tree spe-

cies associated with this PAG), and to the undergrowth plant union. 

Moist-forest undergrowths are dominated by forbs, some mid-height shrubs, and 

a few tall shrubs in warmer environments. Moist-site plants such as queencup bead-

lily, twinflower, false bugbane, swordfern, and ginger occur in this zone, but the 

most common mesic environments within the Moist Upland Forest PVG have big 

huckleberry as the undergrowth dominant. Moist forests at the warm end of the 

temperature spectrum feature mid or tall shrubs such as Rocky Mountain maple, 

ninebark, and oceanspray – these occur in the Warm Very Moist and Warm Moist 

plant association groups. 

Moist Forest Classification Concepts  

Some readers are confused by the fact that moist forest also includes subalpine 

fir plant associations. Traditionally, sites with a subalpine fir climax potential have 

been assigned to the subalpine (cold forest) zone depicted in figure 3. This tradition-

al classification of subalpine fir associations tends to focus on the series level (see 

fig. 4) – this approach places all plant associations (habitat types) with the same 

climax tree species in the same series bin (the climax tree species is used to name a 

forest series, such as the subalpine fir series). 
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The ‘one size fits all’ assumption exemplified by the series approach can be useful 

for broad-scale assessments because the dominant (climax overstory) tree species 

(the series) reflects the macroclimate (regional climate) of an area. At a broad or re-

gional scale, vegetation patterns are assumed to reflect macroclimatic trends, and 

these trends are best represented by the series level. This is in contrast to the sub-

ordinate indicator plants of a plant association, which are assumed to represent an 

area’s microclimate and soils. For the Abies grandis/Clintonia uniflora plant associ-

ation (grand fir/queencup beadlily), Abies grandis (the grand fir series) is assumed to 

reflect the macroclimatic regime, whereas Clintonia uniflora (the subordinate indi-

cator plant) is responding to microclimatic and site conditions (Powell et al. 2007). 

Plant associations are distinct entities varying in response to landform, topogra-

phy, geology, soils, and other biophysical site factors; they are not just random 

groupings of plants brought together by chance (Westveld 1951). Since the Blue 

Mountains temperature-moisture classification system (Powell et al. 2007) assigns 

some subalpine fir associations to moist forest, and others to cold forest, it explicitly 

assumes that potential vegetation is a good indicator of biophysical relationships ex-

pressed as temperature and moisture gradients.  

When assigning plant associations to temperature-moisture classes in the Blue 

Mountains system, the subordinate indicator plants had more influence than the 

dominant (climax) tree species. This reality resulted in subalpine fir plant associa-

tions representing moderate or mesic site conditions (subalpine fir/queencup bead-

lily, etc.) being assigned to the moist upland forest PVG, and subalpine fir plant as-

sociations representing harsh or cold bioclimatic conditions (subalpine fir/grouse 

huckleberry, etc.) being assigned to the cold upland forest PVG (Powell et al. 2007). 

The classification concepts described here, which were used to separate subal-

pine fir plant associations into a moist bin and a cold bin, are closely aligned with 

ecosystem insights from other portions of the interior Pacific Northwest – Dauben-

mire (1956) found that the occurrence of subalpine forest types (as represented by 

the subalpine forest zone depicted in fig. 3) was more closely correlated with summer 

air temperatures (relating to the ecological distribution of cold forest) than with pre-

cipitation patterns (relating most closely to moist forest distribution). 

Appendix 1 summarizes the potential vegetation composition associated with 

moist forests – it shows which of the potential vegetation types (PVTs, e.g., plant as-

sociations (habitat types), plant community types, plant communities) were assigned 

to the Moist Upland Forest potential vegetation group, and it shows how each of the 

PVTs were assigned to a plant association group. As described above, the Moist Up-

land Forest PVG includes five plant association groups. 

Appendix 1 describes how some of the ‘best examples’ of moist forest in the nor-

thern Blue Mountains are associated with the Maritime-Influenced Zone, which is a 

Level IV ecoregion established for the Blue Mountains ecoregion (moist forest is also 

associated with the Mesic Forest Zone shown in app. 1) (Clarke and Bryce 1997). 
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3.  HISTORICAL  CONTEXT 

Those who cannot remember the past are condemned to repeat it  

George Santayana, American philosopher and poet  

During the pioneer era of Euro-American settlement in the Pacific Northwest, 

timber production made significant contributions to economic development. In some 

portions of this region, timber was viewed initially as an obstacle to be cleared to 

make way for agriculture. The forests were considered limitless, and there was rela-

tively little appreciation of forest values other than timber production. 

By the 1960s and early 1970s, forest management practices were being closely 

scrutinized; controversies on the Monongahela (West Virginia) and Bitterroot (west-

ern Montana) national forests eventually spurred passage of the National Forest 

Management Act in 1976. Between the 1950s and the 1980s, an era when timber 

production still held primacy, the following land management strategies were com-

monly employed: 

 Prompt suppression of wildfire. 

 Sanitation and salvage of high-value trees at risk of insect or disease attack. 

 Detection and chemical control of defoliating-insect outbreaks. 

 Attempted eradication of introduced pests such as white pine blister rust. 

The goals of this era were clear: protect the forest from natural and human-

caused disturbances until the timber could be harvested (Puettmann et al. 2009). 

Disturbance was viewed as an economic disruption to be prevented (Berryman 

1991), rather than an ecosystem process to be emulated (Perera et al. 2004). This 

philosophy was based on a command-and-control approach in “an effort to control 

nature in order to harvest its products, reduce its threats, and establish highly pre-

dictable outcomes for the short-term benefit of humanity” (Holling and Meffe 1996). 

Over time, societal expectations for our forests evolved. Ecosystem services such 

as fish and wildlife habitat, water quality, recreation, and visual aesthetics are now 

appreciated and demanded by society (Daily et al. 1997). Good examples of evolving 

societal expectations are provided by the Brundtland Report (Brundtland and Kha-

lid 1987) and the Millennium Ecosystem Assessment (Hassan et al. 2005). And dur-

ing this era of broad-based societal change, managers were continually expanding 

their knowledge and awareness about the complexities of forest ecosystems. 

Forested landscapes have definable characteristics with respect to their scenic 

attractiveness. People value highly-scenic landscapes, which research has shown to 

be those with a natural appearance based on their landform, vegetation patterns, 

and water characteristics (Lucas 1991, Magill 1992). In some portions of the Blue 

Mountains, landscape patterns have been altered by previous timber harvest prac-

tices, particularly regarding the effects of clearcutting. Often, one result of clearcut-
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ting was a visual pattern whose texture, form, line, and color were out of scale with 

natural landscapes. Square or rectangular clearcuts provide good examples of a hu-

man-induced pattern inconsistent with natural landscape patterns. Clearcutting 

patterns generated high amounts of societal concern about forest management. 

It is generally thought that societal concern about the environment is a relatively 

recent development, perhaps dating from Rachel Carson’s Silent Spring (Carson 

1962) or the first Earth Day observance in 1970. Regardless of its source, an expand-

ing environmental movement brought growing public and legislative pressure to re-

form natural resource management, as reflected by passage of the National Environ-

mental Policy Act, Endangered Species Act, National Forest Management Act, and 

Clean Water Act during the 1970s. 

An environmental perspective also began infiltrating the forestry profession: “the 

notion of a forest as a source of what humans need and want is being replaced by the 

metaphor of a forest as a living supra-organism, with measures of health and a 

sense of organismal integrity comparable to that of the human being. This metaphor 

views unmanaged forests that have developed over many tree generations without 

large-scale, intense disturbance as the epitome of nature” (Kimmins 1996). 

Ecosystem Management  

Beginning in the 1990s, the U.S. Forest Service adopted ecosystem management 

as a new paradigm emphasizing an ecological approach to natural resource manage-

ment (Christensen et al. 1996, Grumbine 1994, Kessler et al. 1992). This paradigm 

change means “the agency no longer manages forests on federal lands for sustained 

timber yields. The recent approach focuses on sustaining human value systems such 

as conservation and preservation, on managing ecosystems, and on coming up with 

strategies to protect California spotted owl and other wildlife species” (Gruell 2001). 

Ecosystem management seeks an understanding of how human activities can be con-

sistent with biodiversity and landscape conservation objectives (Berkes 2004). 

Research in silviculture, insect and disease susceptibility, watershed manage-

ment, wildlife habitat relationships, plant succession and forest dynamics, and fire 

ecology over the last 40 years has provided an excellent knowledge base for ecosys-

tem management (Steen 1999). Even so, philosophical differences between advocates 

of active or passive management remain polarized to such an extent that land man-

agers are continually seeking new ways to apply this knowledge while also obtaining 

some level of social license for resource management (Pfister 1993). 

3.1 Integrated Forest Protection 

Advances in the fields of animal and plant ecology, along with other basic and 

applied natural sciences, were incorporated in the 1970s into a new concept of deal-

ing with pest-caused disturbances – integrated pest management (IPM) (Waters and 

Stark 1980). IPM was formally recognized in the National Forest Management Act 

of 1976; it is based on the concept of understanding an organism’s life cycle, causal 
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relationships, developmental dynamics, resource effects, and control or preventive 

measures. The paradigm of the previous era – pest control through the use of persis-

tent, broad-spectrum chemicals – was deemphasized or phased out entirely under 

IPM (Stoszek 1988b). 

IPM initially made its greatest strides with agriculturists and weed managers. 

Certain agricultural sectors have long relied on biocontrol measures, and demand for 

an IPM approach continues to increase as consumers demand more organic produce. 

Biocontrol emphasizes use of parasites, predators, and disease organisms to mitigate 

the damaging effects of insects and weeds. IPM techniques promote sustainability 

because as compared to chemical pesticides, they are either self-perpetuating or 

much less disruptive to nontarget organisms (Haack and Byler 1993). 

Integrated Forest Protection And Active Management  

We now recognize that disturbances, particularly those derived from biotic 

agents, develop largely in response to stress-related changes in the forest (Waring 

and Running 1998), and although it might be simplistic to state it in these terms – a 

disturbance event can function to alleviate or release the stress condition that 

prompted its occurrence in the first place (Castello and Teale 2011). 

Research has shown that disturbance-prone situations are identifiable, and that 

many of them can be modified by using silvicultural practices (Seidl et al. 2011). For 

this reason, forest protection concerns can be, and often are, integrated into the sil-

vicultural decision-making process. The research also demonstrates that the occur-

rence, frequency, and damage severity of disturbances tend to be associated with 

site- and stand-specific factors, both natural and anthropogenic. In this sense, many 

of the potential damage outcomes for key disturbance processes are predictable in 

both a spatial (where) and temporal (when) context (Stoszek 1988b). 

Advances in forest science, particularly forest ecology, during the last four dec-

ades led to a deeper appreciation of the many roles played by biotic and abiotic dis-

turbance processes, including their influence on stand dynamics as manifested in 

secondary forest succession (Johnson and Miyanishi 2007). In particular, the detri-

mental effects of fire exclusion, the impact of indiscriminate insecticide use, and the 

influence of nutrient stress have been identified as important factors affecting forest 

ecosystems across the western United States (Stoszek 1988b). 

Successful bark beetle attacks are now viewed as symptoms of trees under physi-

ological stress brought about by site- and stand-related factors, climatic patterns, 

effects of pathogenic organisms, and management-induced changes to the forest (fire 

exclusion, timber harvest, industrial pollutants, exotic organisms, etc.). Silvicultural 

interventions designed to address physiologically weakened stand conditions are 

now viewed as crucial to a forest health strategy (Castello and Teale 2011). 

Scientific inquiry into host colonization patterns and mating behavior for major 

insect agents led to discovery of sex attractants (pheromones) and anti-aggregation 
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compounds produced by insects (Wood 1982). Substantial contributions have been 

made in the area of root disease and stem decay ecology, insect and pathogen inter-

actions with predisposing factors, dwarf mistletoe mitigation using silvicultural 

practices, and improved assessment of disturbance effects, including better remote 

sensing techniques providing enhanced spatial resolution (Sharik et al. 2010). 

The widespread utilization of geographic information system (GIS) technology al-

lows land managers to gain access to a wide variety of spatially-explicit information 

about ecological site conditions, mensurational stand metrics, land use allocations, 

and operability or implementation considerations. GIS permits grouping of forest 

stands into strata according to land allocations, site characteristics, ecological site 

potentials, and any number of other criteria (Horning et al. 2010). 

Models conceptualizing the insights gained from studies examining host-organ-

ism relationships are available for a wide range of western insects and diseases. 

Managing a forest for ‘desired future conditions’ requires that managers have access 

to risk rating protocols and similar options for predicting the future, but to be suc-

cessful, these tools must account for the functions of insects and diseases because 

they have such a strong influence on the future (Haack and Byler 1993). 

It is now accepted that matching species and seed source to biophysical environ-

ment is essential to reducing impact from both biotic (insects/diseases) and abiotic 

agents (frost, heat, drought). It is no longer acceptable to culture forest stands by 

using traditional regeneration and density management practices (planting a single 

species at close seedling spacings such as 8 × 8 feet, followed quickly by a noncom-

mercial thinning), and then assume that any future pest problems can be sup-

pressed if and when they occur (Byler and Zimmer-Grove 1991, Stoszek 1988b). 

Research has shown that improper planting techniques and/or poor seedling 

stock contributes to what can be termed ‘self-destructive’ forests because the ulti-

mate effects of ill-formed root systems are expressed well beyond the stand initiation 

phase of forest development (Stoszek 1988b). This result suggests that insects and 

pathogens are capable of responding to seemingly insignificant changes in forest 

ecosystems, including poorly-formed root systems (Byler and Zimmer-Grove 1991). 

Abiotic conditions (terrain and soil), in combination with the tree species present 

in an area, are all involved in the predisposition of an area to damage from snow, 

wind, frost, heat, and other abiotic disturbance agents. This means that considera-

tion of protection measures relies on identification of processes predisposing trees 

and stands to disturbance-induced damage. It also suggests that disturbance plan-

ning must account for specific conditions at both the stand and landscape levels. 

It has been found that high levels of animal damage often result from habitat 

conditions created by inappropriate timber harvest methods, site preparation prac-

tices, or shrub control techniques. In fact, animal damage levels are often predicta-

ble on the basis of forest ecosystem changes, particularly in how they are expressed 

in subordinate shrubs and herbs ( Black 1992, 1994; Ferguson et al. 2005). 
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Section Summary 

 Disturbance processes operate within a disturbance regime; the disturbance regime 

is used to characterize the prevailing spatial size, distribution, frequency, return in-

terval, intensity, and severity of a disturbance process. 

 Disturbance has an important influence on ecosystem diversity. When human activi-

ties (fire exclusion, etc.) modify a disturbance regime, resulting changes contribute to 

landscape simplification by modifying ecosystem components such as species compo-

sition, forest structure, and stand density. Disturbance processes may be especially 

imporant for maintaining limited vegetation types such as quaking aspen forest. 

 The shifting mosaic concept of landscape development is discussed, especially in the 

context of the intermediate disturbance hypothesis (IDH). IDH is germane to moist 

forests because they tend to have moderate (intermediate) environmental conditions, 

resulting in moderate amounts of environmental harshness and moderate levels of 

disturbance intensity and severity. This moist-forest situation presents a sharp con-

trast to moisture-limited dry forests, and with temperature-limited cold forests. 

 Forest disturbance initiates a developmental progression referred to as a sere; each 

stage in the progression is called a seral stage. Each seral stage has a particular 

suite of associated plants and animals. For any particular biophysical environment, 

an early-seral stage tends to have dramatically different tree and plant species than 

a late-seral stage. Effective management must recognize differences between seral 

stages, including how tree species seral status varies from one environment to an-

other. Mixed stands containing both early- and late-seral species tend to develop dif-

ferently than single-species stands, a process called physiognomic forest succession. 

 Section 4 provides a detailed discussion about concepts and principles associated 

with disturbance emulation – can active management be used to emulate (mimic) the 

native disturbance regime, and how might this occur? Disturbance emulation, also 

known as the Natural Disturbance Model (Box 3), is a concept being used worldwide 

as a template for contemporary forest management. 

 This section discusses old moist forest in a disturbance ecology context – how did dis-

turbance regimes influence old forest on moist sites, and are some portions of a 

moist-forest landscape more likely to support old forest than others (e.g., refugia)? 

 Seven principles govern disturbance regimes and their ecosystem effects (all are 

adapted from White 1987): 

 Disturbances occur at a variety of temporal and spatial scales. 

 Disturbances affect many levels of biological organization. 

 Disturbance regimes vary, both regionally and within any particular landscape. 

 Disturbances overlay environmental gradients, both influencing and being influenced 

by the gradients. 

 Disturbances interact and can be synergistic. 

 Disturbances may result from feedback between the state of a plant community and 

its vulnerability to disturbance. 

 Disturbances produce variability in communities. 
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Disturbance, the primary initiator of plant succession, is important and integral 

for moist-forest ecosystems. A disturbance is defined as a relatively discrete event 

that disrupts the structure of an ecosystem, plant community, or population, and in 

doing so, it changes resource availability or the physical environment. Disturbances 

happen over relatively short time intervals: windstorms occur over hours to days, 

fires occur over hours to weeks, and volcanoes erupt over periods of days or weeks 

(Foster et al. 1998, Turner et al. 1997). At least 7 disturbance agents have a major 

influence on moist upland forests of the Blue Mountains (table 2). 

4.1 Disturbance Regimes 

Ecologists often distinguish between a discrete disturbance event – like an indi-

vidual windstorm or wildfire – and the long-term disturbance regime that shapes an 

ecosystem or landscape. A disturbance regime refers to the spatial and temporal dy-

namics of disturbance events over long time periods (Turner 1998). “Taken together, 

the attributes of all the disturbances occurring in a system, the interactions between 

them, and their linkages with biotic and abiotic factors, define the disturbance re-

gime” (White et al. 1999). Characterization of a disturbance regime typically in-

cludes the items described in table 3. 

Disturbances come in all shapes and sizes, ranging from relatively minor to rela-

tively major events. They can be caused by biotic agents (insects, diseases, animal 

damage) or by abiotic factors (wind, fire, and flood). Since disturbances vary in both 

frequency and magnitude, the spatial and temporal impact of any particular distur-

bance event depends upon the hierarchical scale being considered (fig. 5). An exam-

ple of disturbance scaling is the burrowing activity of pocket gophers and other 

small mammals, which could be perceived as a disturbance process at a very fine-

grained spatial scale (Meadows and Meadows 1991), but it is unlikely to be viewed 

in that way at a broad scale (White 1979). 

A disturbance, and the recovery period following it, can have important influ-

ences on ecosystem function. On the one hand, destabilizing forces (disturbance pro-

cesses) are important for maintaining ecosystem diversity and resilience. On the 

other hand, stabilizing forces (growth and maturation) are important for maintain-

ing inherent productivity and biogeochemical cycles (Holling 1996, Reice 1994). 

External stresses are a normal part of any living system. Forest ecologist Ham-

ish Kimmins expressed it this way: “Where these stresses are within the range that 

the system has experienced historically, the system has adapted to them and they 

are ‘normal.’ Where there is a long history of recurrent stress, such stress is usual” 

(Kimmins 1996). And ecological communities include feedback loops, which can 

promote resiliency in the presence of a wide range of ecosystem stressors. 
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Table 2: Common disturbance agents of moist upland forests. 

 

Bark Beetles. Three primary bark beetles influence moist for-

ests: Douglas-fir beetle, mountain pine beetle in lodgepole pine, 

and fir engraver. Fire, windstorm, disease, defoliating insects, 

and high tree density are predisposing factors that weaken trees 

and attract bark beetles. Localized outbreaks provide ecosystem 

services such as snag creation, but broad-scale outbreaks can 

contribute to heightened fire risk (Hayes and Daterman 2001). 

 

Defoliating Insects. There are two primary defoliators affect-

ing moist forests: western spruce budworm and Douglas-fir tus-

sock moth. Because defoliator impacts can be intense and wide-

spread during an outbreak, much research effort has been focus-

ed on these insects. Large-scale suppression projects using both 

chemical and biological insecticides have been used to control 

defoliator outbreaks (Torgersen 2001). 

 

Parasites and Pathogens. Root diseases are localized but still 

cause tree mortality. Rust-red stringy rot caused by the Indian 

paint fungus stem decay is common in grand fir stands. White 

pine blister rust, an introduced disease, affects western white 

pine. Three species of dwarf mistletoe, a tree parasite, affect 

moist forests: Douglas-fir dwarf mistletoe, larch dwarf mistletoe, 

and lodgepole pine dwarf mistletoe (Parks and Flanagan 2001). 

 

Timber Harvest. Timber harvest is used to provide wood prod-

ucts and employment for human society. Tree harvest in the 

Blue Mountains began in the 1880s but at a much-reduced rate 

when compared with other areas in eastern Oregon (Weidman 

and Silcox 1936). Beginning in the early 1940s, tree harvest be-

gan increasing to meet a heightened demand during World War 

II, and to construct new housing after the war (Fedkiw 1999). 

 

Ungulate Herbivory. Historical cattle and sheep grazing af-

fected vegetation conditions, particularly along ridgetops used as 

sheep driveways or as bedding grounds (Galbraith and Anderson 

1970, Irwin et al. 1994, Tucker 1940). Native ungulates (deer, 

elk) increased dramatically over the last half century and con-

tinue at relatively high levels today (Case and Kauffman 1997, 

Humphrey 1943, Parks et al. 1998, Riggs et al. 2000). 

 

Wildfire. A period of uncharacteristically intense wildfire, which 

began in the mid 1980s and continues today, might be viewed as 

a symptom of impaired forest health for dry forests (Ottmar and 

Sandberg 2001), but probably not for moist forests. Ocean-atmos-

phere interactions, related primarily to trends in the ENSO and 

PDO cycles of climatic variability (see sec. 5.11), exert a strong 

influence on weather patterns and fire hazard. 

 

Wind. Wind was frequently mentioned as a disturbance agent in 

historical accounts (e.g., Smith and Weitknecht 1915). The infa-

mous 1962 Columbus Day windstorm caused extensive damage 

in the coastal northwest but had limited impact in eastern Ore-

gon (Lynott and Cramer 1966). A major windstorm occurred dur-

ing the winter of 1989-1990, affecting moist forests across a rela-

tively broad area in the northern Blue Mountains. 
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Table 3: Attributes of a disturbance regime. 

ATTRIBUTE DEFINITION 

Area or size Area disturbed, expressed either as area per event or area per 

time period 

Type Characterizes the function of a disturbance process in terms of 

initiating a new stand, or maintaining an existing stand (fig. 13) 

Distribution Spatial distribution of disturbance events 

Frequency Mean number of events per time period, or decimal fraction of 

events per year 

Return interval Inverse of frequency, or the average time interval between suc-

cessive disturbance events 

Intensity Physical energy of the event per area per time; characteristic of 

disturbance rather than its ecological effect. Examples include 

energy release rates for a fire, and wind speed for a windstorm 

Severity Effect of a disturbance event on the organism, community or eco-

system; closely related to intensity because more intense disturb-

ances are generally more severe. Tree mortality as related to fire 

effects would be one example of severity relationships. 

Sources: Adapted from Turner et al. (1998). 

 

Figure 5 – Idealized temporal and spatial relationships among selected dis-

turbance regimes (redrawn from Urban et al. 1987). This figure demonstrates 

that disturbance is implicitly scaled. For example, if disturbance is defined as 

events that kill trees prematurely (the ‘treefalls’ regime in this figure), then 

disturbance is confined to a relatively narrow timeframe (temporal scale) 

when considered in the context of the typical or maximum longevity of Blue 

Mountain tree species (see table 4). Large-scale disturbances such as fires, 

regional floods, and volcanoes are spatially heterogeneous; whether a large 

disturbance is qualitatively different from numerous small disturbances re-

mains an unresolved issue in ecology (Turner et al. 1997). 

Another representation of scales hierarchy is discussed in figure 74, pre-

sented in section 6 of this white paper. In this figure, the horizontal and ver-

tical dimensions of the oval associated with a disturbance process are intend-

ed to convey the relative temporal and spatial extent of each process. Alt-

hough this figure suggests that disturbance regimes interact (because the 

ovals overlap), figure 74 describes in more detail how disturbance processes 

are nested within a hierarchy ranging from gaps to landscapes. 
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Table 4: Comparison of fire return interval and tree longevity, in years. 

PVG 

Fire Return         

Interval 

Seral 

Stage 

Predominant 

Tree Species 

Tree Longevity (Years) 

Typical Maximum 

Dry 

Forest 
15 Years 

Early Ponderosa pine 300 725 

Mid Douglas-fir 200 500 

Late Grand fir 200 400 

Moist 

Forest 
30-50 Years 

Early Western larch 300 915 

Mid Western white pine 400 615 

Late Grand fir 200 400 

Cold 

Forest 
80-110 Years 

Early Lodgepole pine 100 300 

Mid Engelmann spruce 250 550 

Late Subalpine fir 150 250 

Sources/Notes: PVG (potential vegetation group) is described in Powell et al. (2007). Fire 

Return Interval is from Agee (1993; table 1.2, page 13). Seral Stage refers to a particular 

phase in the sequence of plant communities occurring after a disturbance event; seral 

communities are classified as early-, mid-, or late-seral depending on the successional 

role of their species composition (Hall et al. 1995). Predominant Tree Species shows the 

predominant species associated with each seral stage. Tree Longevity (age in years) per-

tains to the predominant tree species and is taken from Powell (2000). 

Knowing the intensity and frequency of disturbance processes is important be-

cause plant and animal species are adapted to disturbance effects (e.g., the spatial 

pattern of vegetation composition and structure at a landscape scale). The species 

diversity of an area depends on the balance between disturbance frequency and in-

tensity, and the level of competition existing between species (Parminter 1998). “The 

suppression of disturbances leads to the loss of biological diversity and may contrib-

ute to larger and more severe disturbance events later” (White et al. 1999). 

The composition and structure of plant communities reflects complex interac-

tions between species life history characteristics, disturbance intensity and frequen-

cy, and chance events – suggesting that both deterministic and stochastic factors in-

fluence ecosystem variation (Halpern 1989). “Natural disturbance maintains struc-

tural complexity, promoting plant and animal diversity” (Hansen et al. 1991). 

When multiple disturbances act synergistically (fig. 6) and result in a preponder-

ance of lodgepole pine across large watersheds, some degree of fragmentation might 

be desired as a way to circumvent landscape-scale insect outbreaks and their associ-

ated wildfires. “Beetle infestations create large amounts of fuel, increasing the prob-

ability of wildfire. Fire, in turn, initiates development of new, even-aged lodgepole 

pine stands, which repeats the cycle at some point in the future” (Perry 1988). 

Disturbances frequently have a renewal effect by helping to release and recycle 

nutrients (Pickett 1980). Historically, fire was the predominant recycling agent for 

dry forests of the interior Pacific Northwest, but moist-forest decomposition relies 

equally on fire and microbes for this important ecosystem service (fig. 7). 
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Figure 6 – Interactions between mountain pine beetle (MPB), fuel accumula-

tion, and stand-initiating wildfire (adapted from Powell 2000). This diagram 

depicts lodgepole pine development and its relationship to wildfire and bark 

beetles, two disturbance agents influencing this forest type at a landscape 

scale (Arno et al. 1993, Barrett et al. 1991, Romme and Despain 1989, Stuart 

et al. 1989). This diagram shows generalized disturbance interactions – the 

combined effect of multiple agents may influence landscape patterns more 

than a single agent acting alone (Veblen et al. 1994, Wilson et al. 1998). The 

gray zone shows a stand development threshold where lodgepole pine sus-

ceptibilty to MPB is high: forests with a stand density index (SDI) exceeding 

170, and a quadratic mean diameter (QMD) of 9 inches or more, are highly 

susceptible to MPB attack (Cochran et al. 1994, Peterson and Hibbs 1989). 
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Figure 7 – Microbes and fire as agents of decomposition (adapted from Har-

vey et al. 1994). Fire (black portion of bars) and microbes (gray portion) are 

important decomposition agents. For the dry-forest climatic zone of the inte-

rior Pacific Northwest (the interior Douglas-fir and ponderosa pine forest 

types), surface fire was the primary cycling process because microbial decom-

position is too slow to keep pace with biomass accumulation on these sites. 

For moist grand fir forest, decomposition relies equally on fire and microbes. 

For moist forests of western Oregon and Washington (coastal Douglas-fir, ce-

dar/hemlock), a biological process (microbial decomposition) cycles dead wood; 

for dry forests of eastern Oregon and Washington, a physical process (fire) is 

the most important cycler of litter, wood, and associated nutrient sources. 

4.2 Disturbance And Diversity  

Because disturbances create and maintain the vegetation patterns we see on a 

landscape, intentional or unintentional shifts in a disturbance regime may cause 

dramatic changes, particularly for wildlife species whose welfare is influenced by the 

distribution and juxtaposition of vegetative habitat components (Turner 1998). In 

this respect, a lack of disturbance can be as damaging to biological diversity and eco-

logical integrity as too much disturbance (Noss 1983). 

Some effects of an altered disturbance regime are insidious, initiating succession-

al changes occurring over decades or more (Sloan 1998). Vegetation changes can be 

so difficult for people to recognize as to be called the ‘invisible present’ (Magnuson 

1990), evoking a perception of forest tranquility due to the seemingly timeless na-

ture of large trees (Shugart and West 1981). Perhaps the reason for many contempo-

rary writings focusing on disturbance as an unnatural phenomenon is that for any 

particular geographical location, severe, stand-replacing disturbance events general-

ly occur on a much longer temporal cycle than human recollection (Parminter 1998). 
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After humans alter a disturbance regime, it can eventually lead to simplification 

(homogenization) of a landscape (del Moral 1972, Lehmkuhl et al. 1994, Turner 

1998). When a landscape in the Blue Mountains undergoes simplification, the first 

elements to be affected are often limited vegetation components such as quaking as-

pen clones (fig. 8); riparian forests of black cottonwood, mountain alder, river birch 

or willows; western white pine stands; and certain shrubland types or individual 

shrub species (Box 1) (Fahnestock 1976, Gruell 1983, Habeck 1976, Habeck and 

Mutch 1973, Hall 1984, Hessl 2002, Voller and Harrison 1998). 

A trend toward landscape simplification can ultimately result in impoverished 

vegetation diversity – extensive areas devoid of quaking aspen, black cottonwood, 

ninebark, parklike ponderosa pine, big huckleberry, western white pine, and other 

early- or mid-seral stages (Case and Kauffman 1997, Hunter 1999, Sloan 1998). Los-

ing the early-seral composition is unfortunate because it contributes to biological di-

versity, scenic beauty, wildlife habitat, and recreational opportunities (Reice 1994). 

Without fully functioning disturbance regimes to continually create new ecologi-

cal niches for early-seral species, these biotic components cannot survive and pros-

per (Sloan 1998). And since disturbance regimes are responsible for creating and 

maintaining a landscape’s structural and compositional complexity, their disruption 

can eventually degrade both plant and animal diversity (Hansen et al. 1991). 

An example of change relating to landscape simplification involves quaking as-

pen ecosystems (fig. 8). Aspen is an ecosystem component valued for a myriad of 

benefits. Its leaves and buds are choice food for ruffed grouse, beaver, snowshoe 

hare, Rocky Mountain elk, and many other species. In winter, when foliage is no 

longer present, elk feed on its smooth white bark (DeByle 1985). And after dying, 

aspen may be used by as many species as when alive – dead aspen trees are prized 

by woodpeckers, flickers, and many other species utilizing cavities (DeByle 1985). 

Where aspen communities occur in the western U.S., they are second only to ri-

parian areas in terms of species diversity and abundance. Fire suppression on west-

ern landscapes, when coupled with excessive browsing of young aspen trees by live-

stock and wildlife, has led to rapid displacement of aspen communities by conifer 

forests (Bartos and Campbell 1998). Conifer forests transpire more water than aspen 

and support a sparse undergrowth with relatively few plant species, so aspen dis-

placement can result in water yield reductions, along with declines in the number 

and kinds of plants and animals (Bartos and Campbell 1998, Kay 1994). 

It has been predicted that biophysical environments with an intermediate 

amount of disturbance would have the highest levels of species and functional diver-

sity (Huston 1979). This intermediate disturbance hypothesis (IDH) suggests that 

biodiversity and ecosystem function are higher in moderately disturbed habitats 

than either of the extremes (low and high disturbance levels), resulting in a bell-

shaped curve when biodiversity and disturbance severity are compared (Biswas and 

Mallik 2010) (figure 9). 
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An aspen clone (from Powell 

1994). Although historical infor-

mation suggests that aspen was 

never abundant in the Blue 

Mountains, the lack of fire as a 

landscape process, along with un-

gulate browsing, caused aspen to 

seek refuge along streams, near 

moist meadows, and on other 

moisture-accumulating physio-

graphic positions. 

 

Bark wounding on quaking aspen 

caused by elk browsing during 

winter. Aspen provides important 

winter habitat for large native 

ungulates, which may cause bark 

wounding, eventually leading to 

establishment of stem cankers 

such as sooty-bark, black, crypto-

sphaeria, cytospora, and hypoxy-

lon (Hinds 1985). 

 

Bird cavity in aspen bole. Aspen 

often has heart rot (stem decay). 

Decayed aspen wood is soft and 

easily excavated, making aspen a 

favorite tree species for wood-

peckers, flickers, and a wide vari-

ety of other birds within the cavi-

ty-utilizing guild. 

Figure 8 – Selected features of aspen ecosystems in the Blue Mountains.  

Box 1. Moist Forests and Ungulate Herbivory 

Large native ungulates (primarily elk) can influence the vigor and longevity of Pacif-

ic yew and other shrubs of the Blue Mountains (Parks et al. 1998). Pacific yew is a shade-

tolerant, woody perennial plant occurring occasionally as a small tree but most often as a 

tall shrub in the undergrowth of late-successional grand fir stands on moist grand fir 

plant associations. Biophysical environments supporting Pacific yew are cool and moist. 

Pacific yew and several other plants are especially palatable and highly utilized by 

wild ruminants. Riggs et al. (2000) reported that wild ungulates reduced yew abundance 

in their study area, similar both floristically and ecologically to the study site used by 

Parks et al. (1998), to such an extent it affected the outcome of using classification keys 

to identify a plant association – the keyed association was grand fir/Pacific yew/twinflow-

er inside an exclosure, whereas it was grand fir/queencup beadlily outside the exclosure. 

A similar situation exists for another so-called ‘ice cream’ shrub of the Blue Mountains – 

Oregon boxwood (Pachistima myrsinites). [Continued on next page.] 
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What was done. The study was conducted in September 1992 in the West Sinks ar-

ea of the Umatilla National Forest, north of La Grande, Oregon. Field examinations in 

preparation for a timber sale had identified a high incidence of yew dieback and mortali-

ty in an unharvested grand fir stand with late-successional or old-growth characteristics. 

Many of the wounded or dead yew plants had obvious physical damage (bark stripping or 

rubbing causing stem wounds) in addition to foliage browsing indicators. Close examina-

tion revealed grooves on some yew stems that seemed to match the characteristics of in-

cisors located on the lower jaw of elk, and no pathogen- or insect-caused evidence appear-

ed to be associated with the dieback. Transect lines were established to sample 5% of the 

total area; data was collected on a range of yew characteristics and for wounded plants, 

detailed measurements were made of the wounds and their possible causes. Plant de-

mography information was collected for a total of 712 Pacific yew stems. 

What was found. Of the 712 stems measured in the study, about 66% were rated as 

less than 50% dead, about 17% were rated as dying (defined as 50-100% dead), about 1% 

were classified as recent dead, and less than 1% were older dead. Catherine Parks and 

her colleagues “deduced that a high percentage of stem damage on yew in the West Sinks 

area is caused primarily by deer and elk, who use their teeth to incise, then strip and 

consume the bark” (Parks et al. 1998, page 193). They went on to note that “nonfeeding 

damage by animals included antler rubbing, clawing by black bears, and hoof abrasions.” 

The authors also noted that the literature contains abundant citations about ungulate 

browsing of yew foliage, but very few items dealing primarily with physical damage to 

yew plants caused by non-browsing activities. 

Their demographic information indicated a narrow range of establishment dates for 

mature yew plants, leading to speculation that a low-intensity surface fire occurred in 

the area about 90-100 years ago and caused widespread mortality of mature yew plants, 

but was perhaps successful at stimulating yew regeneration arising primarily from seed 

(sprouting from the root collar or crown, however, might have been a more likely source 

for a new yew cohort). They also found that existing yew reproduction (fruit, vegetative, 

seedlings) was low, and they detected a correlation between the presence of fruit and 

sprout production (perhaps indicating that when plant vigor is high enough to produce 

fruit, then it is also sufficiently high to foster sprout production?). 

The authors could not state statistically that a negative relation was present be-

tween male plants and sprouting, but felt their data supports such a conclusion. They 

noted that in other parts of the yew range, male yew plants tend to be single stemmed 

and female plants multi-stemmed. The authors believe that a lack of older regeneration 

reflects the fact that “yew seedlings are consumed by ungulates once they are large 

enough to be recognized” (Parks et al. 1998, page 195). 

Summary. Parks et al. (1998) concluded that high concentrations of native ungu-

lates appear to be an important factor influencing dieback and mortality of mature yew 

plants, and low amounts of young yew recruitment. Although Pacific yew, Oregon box-

wood, and similar shrubs are relished by wild ungulates, and they provide important 

ruminant browse, this service can only be sustained when ungulate populations are in 

some sort of dynamic equilibrium with plant populations. If a great disparity exists be-

tween ungulates producing pressure on the plants, and opportunities for the plants to es-

cape this pressure long enough to mature and reproduce, then we can expect negative 

ecosystem consequences in terms of low yew populations, along with reduced availability 

of ungulate browse if viable alternatives are not available from non-yew sources. 
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Figure 9 – Intermediate disturbance hypothesis (adapted from Biswas and 

Mallik 2010, Ewel 1999, and White and Jentsch 2001). The intermediate dis-

turbance hypothesis suggests that biophysical environments with a moderate 

disturbance regime would have the highest levels of species and functional 

diversity (Huston 1979, Petraitis et al. 1989). The black, bell-shaped line de-

picts species diversity across a temperature-moisture gradient ranging from 

dry to cold forest. For the Blue Mountains, dry forests historically experienc-

ed frequent disturbance (surface fire on a cycle of 5-20 years), but the diversi-

ty of disturbance agents was relatively low because these moisture-limited 

sites have relatively low productivity. Cold forests have very infrequent dis-

turbances (such as stand-replacing fire on a cycle of 80-110 years; see table 

4), but the diversity of disturbance agents is also low because these tempera-

ture-limited sites have relatively low productivity. But moist forests exist in 

the Goldilocks zone because they are not too cold, not too dry – they are ‘just 

right’ in terms of their temperature and moisture relationships. Thus, moist 

forests experience moderate levels of environmental harshness and disturb-

ance severity. The moisture, temperature, environmental harshness, and dis-

turbance severity relationships depicted in this figure help explain why spe-

cies composition and biodiversity levels tend to be highest for moist forests. 

Particularly diverse ecological settings are said to have high amounts of beta 

diversity (Perry et al. 2008); for upland forest environments of the Blue 

Mountains, moist forests have the highest levels of beta diversity. 

IDH postulates that species richness is maximized by intermediate levels of dis-

turbance – theoretically, they allow both early- and late-seral species to coexist (e.g., 

aspen with conifer). If disturbance is rare, then competitive exclusion results in dom-

ination by late-seral species; if disturbance is frequent, early-seral species predomi-

nate. But in either case, the result is similar – less species diversity than would be 

expected for intermediate disturbance levels (Kuuluvainen and Grenfell 2012). 
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Coarse Filter Approach For Maintaining Diversity  

If historical disturbance regimes had been allowed to maintain an appropriate 

range of ecological conditions in Blue Mountain landscapes, then they could have 

played an important role in perpetuating both species and genetic diversity (Haufler 

1994). This approach is referred to as a coarse filter for conservation of biological di-

versity; it is based on the premise that native species are adapted to indigenous dis-

turbances and their resulting range of habitats (Hunter 1990, Hunter et al. 1988). 

A coarse filter reflects the fact that we cannot even name or enumerate all of the 

species in a landscape, much less rationally plan for their habitat needs or anticipate 

their response to disturbance (Cissel et al. 1994). Applying prescribed fire on sites 

where the surface-fire disturbance regime has been suppressed since early in the 

20th century, for example, resulted in a dramatic increase in butterfly abundance 

and species richness – and it is likely that this ecosystem response was a serendipi-

tous and unexpected benefit of the treatment (Huntzinger 2003). 

4.3 Shifting Mosaic Concept  

Plant communities reaching a stable condition (the climax end-point of succes-

sion) are rare, although a mosaic of different communities at a broad scale can ex-

hibit a stable frequency distribution of vegetative states (Lertzman and Fall 1998, 

Niering 1987). Many landscapes exist as a shifting mosaic of patch types (Clark 

1991, Watt 1947). The shifting-mosaic concept demonstrates that disturbance is 

scale dependent; disturbance events occurring at a fine scale (the patch level) may 

be viewed as stabilizing forces at a landscape scale because scale differences keep 

the disturbance effects disjunct (Allen and Wyleto 1983). 

Thus, steady-state conditions can exist at a landscape scale but not at the scale 

of individual patches – a single stand can be in any seral state (early-, mid-, or late-

seral) at a particular time, but if the disturbance regime is relatively consistent, 

then large landscapes exhibit a quasi-equilibrium (for seral states) across long time 

periods. [And, this is reason that when disturbance process simulation modeling is 

used to estimate the long-term temporal patterns of disturbance regimes for a re-

gion, hundreds of simulations spanning thousands of years are completed to exam-

ine whether a dynamic equilibrium exists and, if so, what its characteristics might 

be.]  

Although forest patches are always changing in response to the dynamic forces of 

disturbance and succession, the integrated effect at a larger scale is a shifting mosa-

ic of developmental phases or structural stages. The shifting mosaic concept sug-

gests that an overall balance of patch births and deaths can produce a dynamic equi-

librium – there is local change at a fine scale, but the total number of young and old 

communities remains relatively constant at a broad scale in response to disturbance 

processes and plant succession (fig. 10) (Bormann and Likens 1979, Clark 1991, 

Drury and Nisbet 1973, Pickett and Ostfeld 1995, Urban et al. 1987, Vale 1988, Vol-

ler and Harrison 1998, White 1987). 
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Figure 10 – Shifting mosaic concept of forest development. This concept sug-

gests that an overall balance of patch births and deaths can produce a dy-

namic equilibrium at a landscape scale – there is fine-scale change, but the 

total number of young and old communities remains relatively constant at a 

broad scale in response to disturbance processes and plant succession. 

This figure shows secondary succession for an idealized landscape con-

sisting of four rectangular forest units. Start with the top diagram (unit) and 

follow the gray arrows in a clockwise direction – the mature stand (lower 

right grid) is eventually affected by a stand-replacing disturbance process, 

which transforms it to the stand initiation structural stage (these are the 

small trees in the lower right grid of the next diagram). The small trees grow 

and eventually reach a ‘young middle-age’ stage called stem exclusion (see 

diagram at the bottom). As growth continues, they reach a ‘late middle-age’ 

stage called understory reinitiation. When the trees develop to a point where 

they are once again mature (old forest), this ‘circle of forest life’ has been 

completed and we are once again back to the top diagram. 

This figure illustrates that a balance exists between rates of disturbance 

and recovery, which maintains broad-scale diversity in a quasi-equilibrium 

pattern (Lertzman and Fall 1998), and that a forest landscape is a mosaic of 

successional communities whose composition and structure is determined by 

the types and severity of disturbance. It also demonstrates that in order to 

maintain a desired configuration of wildlife habitat through time, we must 

accept frequent and expected changes in existing vegetation conditions. We 

should also acknowledge and understand that wildlife habitat conditions will 

exist in different places and at different times over the long term, and that a 

properly functioning disturbance regime will successfully create and main-

tain a desired configuration of wildlife habitats, but it will do so as a shifting 

mosaic at a landscape scale. 
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4.4 Disturbance And Secondary Forest Succession  
Scientists studying forests in the early 20th century believed that disturbance ini-

tiated a clearly identifiable and repeatable pattern of changes called succession, a 

process leading inevitably to an old-age stand. They believed that old stands persist-

ed indefinitely and called them the climax stage (fig. 11). But ecologists had trouble 

finding examples of climax vegetation covering large areas. This caused them to 

wonder if the climax is not like “a phantom, always moving ahead into the future, 

and becoming visible for only relatively brief periods on small areas” (Graham 1941). 

Once forest succession studies began in earnest, they showed that a single group 

of tree species is not predestined to inhabit an area, that recruitment of new trees 

into a forest often follows a disturbance event rather than occurring continuously, 

and that disturbance intensity often influences which tree species will dominate af-

terward (Bloomberg 1950; Cobb et al. 1993; Drury and Nisbet 1973; O’Hara 1995; 

O’Hara et al. 1996; Oliver 1980, 1981; Oliver and Larson 1996; Spurr 1952). 

Scientific studies found that disturbance events, such as fires, windstorms, hur-

ricanes, and landslides, operating over periods of 1 to 1,000 years, have an obvious 

influence on species richness (biodiversity) at local to landscape scales (Whittaker et 

al. 2001, Willis and Whittaker 2002). Studies examining secondary succession also 

found that plant diversity was consistently higher in forest stands managed using 

silvicultural treatments when compared with unmanaged reserves, and species 

richness was positively correlated with the amount of overstory canopy removed 

(high for clearcuts and shelterwoods; low for individual-tree selection) (Battles et al. 

2001). As a result, species diversity is often linked to the frequency and intensity of 

disturbance (including activities designed to emulate disturbance processes) (Con-

nell and Slatyer 1977, Huston 1979). 

Daniel Botkin described the importance of forest succession this way: “The idea 

of succession is important to our understanding of nature and our management of 

natural resources; a problem in our management of forests has arisen because we 

have incorrectly projected the hypothetical endpoint of succession, believing that na-

ture’s melody leads to one final chord that sounds forever” (Botkin 1990a, p. 116). 

After plant succession is initiated by disturbance, forests generally pass through 

at least four developmental phases – stand initiation, stem exclusion, understory 

reinitiation, and old forest (table 5, fig. 10; Oliver 1981, Oliver and Larson 1996). 

These developmental phases are related to important physiological processes. 

Physiognomic Forest Succession  

Mixed-species, single-cohort (even-aged) moist forests contain both early- and 

late-seral species (e.g., shade-intolerant and shade-tolerant species). In these forests, 

a mix of tree species generally initiate in the same year (or during the same discrete 

period) following a high-severity disturbance event such as wildfire or insect defolia-

tion (Anderson and Romme 1991, Antos and Habeck 1981, Habeck and Mutch 1983, 

Oliver 1980). [An interesting note: research found that “mixtures of shade-intolerant 
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and shade-tolerant species with different growth patterns may be more productive 

than single-species stands” (Chen et al. 2003).] 

 

Figure 11 – Seral stages for a moist-forest plant association of the Blue 

Mountains. The series of stages shown in this diagram is called a sere. After 

a stand-initiating disturbance event such as crown fire or regeneration cut-

ting, a new plant community gets established and it gradually transitions 

through a series of stages, progressing from a simpler, somewhat disorgan-

ized state (early-seral stage) to a relatively complex, highly organized state 

(the climax plant community). The early-seral stage is initially dominated by 

grasses, forbs, and shrubs (some ecologists refer to this non-tree phase as a 

very-early stage), but shade-intolerant, pioneer tree species also get estab-

lished in early-seral communities. The mid-seral stage has a mix of species, 

with early-seral species (ponderosa pine above) and mid-seral species (Doug-

las-fir above) present in almost equal amounts. Late-seral stands have both 

mid-seral and late-seral tree species present (grand fir is the late-seral spe-

cies above; table 19 provides the seral status for 7 primary conifers of moist 

forests). Although truly climax stands are relatively uncommon in our dis-

turbance-influenced ecosystems, they feature a species composition where 

early- or mid-seral tree species are scarce or absent, and composition is domi-

nated almost entirely by the late-seral species. Another reason for the rarity 

of truly climax forest stands in the Blue Mountains is that our early- and 

mid-seral tree species tend to live longer than the late-seral species (table 4). 

Since tree species grow and develop at different rates, mixed stands gradually 

develop a stratified structure with fast-growing species such as western larch and 

lodgepole pine occupying the upper stratum, and slow-growing species such as Doug-

las-fir and grand fir relegated to a lower stratum (Cobb et al. 1993, McCune and Al-

len 1985, O’Hara 1995, Oliver 1980, Shea 1985, Veblen 1986) (Box 2, fig. 12). 

  

Early Mid Late Climax
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Table 5: Description of forest structural stages. 

 

Stand Initiation. Following a stand-replac-

ing disturbance, growing space is occupied 

rapidly by vegetation that either survives 

the disturbance or colonizes the area. Survi-

vors literally survive the disturbance above 

ground, or initiate new growth from their 

underground organs or from seeds on the 

site. Colonizers disperse seed into disturbed 

areas, it germinates, and new seedlings es-

tablish and grow. One stratum of tree seed-

lings and saplings is present in this stage. 

 

Stem Exclusion. Trees initially grow fast 

and quickly occupy their growing space, 

competing strongly for sunlight and mois-

ture. Because trees are tall and reduce light, 

understory plants (including small trees) are 

shaded and grow slowly. Species needing 

sunlight usually die; shrubs and herbs may 

go dormant. In this stage, establishment of 

new trees is precluded by a lack of sunlight 

(stem exclusion closed canopy) or by a lack of 

moisture (stem exclusion open canopy). 

 

Understory Reinitiation. A new tree co-

hort eventually gets established after over-

story trees begin to die or because they no 

longer fully occupy their growing space. This 

period of overstory crown shyness occurs 

when tall trees abrade each other in the 

wind (Putz et al. 1984). Regrowth of under-

story vegetation then occurs, trees begin 

stratifying into vertical layers, and a moder-

ately dense overstory with small trees be-

neath is eventually produced. 

 

Old Forest. Many age classes and tree lay-

ers mark this stage featuring large, old 

trees. Snags and fallen trees may also be 

present, leaving a discontinuous overstory 

canopy. The drawing shows single-layer 

ponderosa pine created by frequent surface 

fire on dry sites (old forest single stratum). 

Cold or moist sites, however, generally have 

multi-layer stands with large trees in the 

uppermost stratum (old forest multi strata). 

Sources: Based on O’Hara et al. (1996), Oliver and Larson (1996), and Spies (1997). Other 

ecologists described similar process-based forest structural stages by using slightly different 

names (see Bormann and Likens 1979, Daubenmire and Daubenmire 1968, McCune and Al-

len 1985a, Peet and Christensen 1987, and Watt 1947). 
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Box 2. Development of Mixed-Species Forests on Moist Sites 

An interesting study (Cobb et al. 1993) examined stand dynamics associated with 

mixed, single-cohort (even-aged) moist forests containing both early- and late-seral spe-

cies. In these initial floristics communities, a mix of tree species regenerate in the same 

short, discrete period following a high-severity disturbance event such as stand-replacing 

wildfire or insect defoliation. 

What was done. Six stands from the eastern Cascade Range in Washington (Wenat-

chee National Forest) were selected for intensive study and stand reconstruction. Select-

ed stands had a mixed species composition, were single cohort, of natural origin (not 

plantations), exhibited no evidence of major disturbance since stand initiation (including 

thinning or partial cutting), were free of major insect or disease activity, and represented 

a range of stand ages, densities, and species composition. In a potential vegetation con-

text, all stands were in the grand fir series. A circular 0.1-acre plot was established in a 

representative portion of each sample stand, and detailed mensurational data was then 

collected for each sample tree. A smaller subsample of plot trees was selected for stand 

reconstruction analyses. These trees were felled and then dissected to determine detailed 

height growth patterns (note that one of the six plots did not have dissection completed 

due to U.S. Forest Service restrictions precluding tree felling). 

What was found. “The average ages of trees cored and dissected indicate that all 

species in all six stands were essentially even-aged, originating after stand replacement 

disturbances.” But even on these relatively moist sites, the stand initiation phase follow-

ing fire disturbance ranged “from less than 15 years on the Swauk plot to over 40 years 

for T-Creek” (Cobb et al. 1993, p. 546). All sample stands containing western larch and 

lodgepole pine had these species dominate since stand initiation, although minor fluctua-

tions occurred from plot to plot in terms of which species was dominant at any particular 

time (fig. 12). When considering diameter-growth patterns, western larch sustained its 

diameter growth for a longer period than lodgepole pine because lodgepole pine tended to 

have a pronounced reduction in average diameter growth commencing about age 50. 

When Douglas-fir and grand fir were both present, they experienced slower diameter 

and height growth than either western larch or lodgepole pine. However, when either of 

the mid- or late-seral species was present without the other, its diameter-growth rate 

would approach the rate for the slower of the two early-seral species, suggesting that in-

terspecies competition was occurring within a stratum (i.e., grand fir and Douglas-fir 

were competing with each other in the lower stratum, and when the other species was 

not present, the diameter growth of a single late-seral species approached the rate for the 

slowest growing early-seral species). 

Summary. “Successful mixed species management relies on a thorough understand-

ing of mixed species stand development” (Cobb et al. 1993, p. 545). This study demon-

strates that for moist forests of the eastern Cascade Range in Washington, early-seral 

species tend to grow faster in height than late-seral species when both groups are pres-

ent in a single-cohort (initial floristics) forest stand. It also shows that height growth dis-

parity is not necessarily related to tree age variation (fig. 12), demonstrating that tree 

age and size are not necessarily correlated – the larger (or taller) size of one species in a 

stand can create the false impression that it established prior to a smaller (or shorter) 

species. “The assumption that a vertically stratified stand has an uneven-aged structure 

would be incorrect for these stands, and could lead to some questionable silvicultural 

practices” (Cobb et al. 1993, p. 548). 
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Figure 12 – Development of mixed-species, single-cohort stands on moist-

forest sites (adapted from Cobb et al. 1993). Different tree species grow and 

develop at different rates. This figure shows that shade-intolerant species 

(western larch, WL, and lodgepole pine, LP) grow faster in height than shade-

tolerant associates (grand fir, GF, and Douglas-fir, DF) when both groups are 

present in a single-cohort (even-aged) stand. The end result of this develop-

mental progression is a multi-storied structure sometimes mistaken for an 

uneven-aged condition, even by silviculturists who neglect to use an incre-

ment borer to check whether a stratified structure is even- or uneven-aged 

(Bloomberg 1950, Larson 1986, O’Hara 1995, Oliver 1980). [Note: other dif-

ferences between intolerant and tolerant tree species also contribute to this 

developmental pattern – intolerant species allocate more of their growth re-

sources to stem and branch production, and have crowns with lower leaf area 

density, than for tolerant species (Canham et al. 1994), so an upper stratum 

of intolerant trees then allows more light transmission to a lower stratum of 

tolerant species.] 

This multi-layered structure results from disparate height growth rates between 

species (Johnson and Fryer 1989, Veblen 1986). Early-seral trees grow faster in 

height than late-seral species when both groups are present in a single-cohort mixed 

stand (Cobb et al. 1993, Oliver 1980, Turner 1985, Veblen and Lorenz 1986). This 

developmental pattern shows that even if no species interactions occur during suc-

cession (such as density-dependent, intertree mortality related to self-thinning), life 

history traits alone (height growth rates in this case) can exert enough influence to 

directly affect the ultimate forest structure (Chapin et al. 2002). 
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Multi-layer forests are often assumed to be multi-cohort (e.g., uneven-aged), pri-

marily because of attitudes associated with the relay floristics paradigm – the pre-

sumption is that overstory trees are older, and that they probably helped the young-

er understory cohort get established by casting shade or otherwise moderating envi-

ronmental conditions (Oliver and Larson 1996). 

This concept was historically referred to as the ‘nurse crop’ in forestry, and as fa-

cilitation in plant ecology (Holmgren et al. 1997). An example is that foresters often 

considered quaking aspen to be a nurse crop for conifers. Early work examining for-

est succession after fires in the central Rocky Mountains, however, seldom found ex-

amples where burns were occupied first by an aspen nurse crop and then subse-

quently by conifers. When age counts were made in mixed stands, aspen was found 

to have started simultaneously with, or later than, the conifers (Gardner 1905). 

4.5 Using Active Management  To Emulate Disturbance 
“During the 1990s, a consensus emerged among ecologists that the most promis-

ing approach for conserving biological diversity and ecosystem function in managed 

forests was to emulate the disturbance processes that drive forest succession and 

dynamics in natural, unmanaged forests (Hunter 1993, Attiwill 1994, Christensen et 

al. 1996, Bergeron and Harvey 1997, Kohm and Franklin 1997). There is broad 

agreement that the challenge for forest managers is to develop techniques of re-

source extraction that do not cause local extinctions of species, reduce ecosystem 

productivity, or damage the processes that underlie the resiliency of forest ecosys-

tems to disturbance” (Haeussler and Kneeshaw 2003) (Box 3). 

When land is managed to produce water, wood, and other commodities desired by 

human society, an underlying assumption is that the greater the similarity between 

the effects of management activities and the effects of a native disturbance regime, 

the higher the probability that inherent ecological processes will continue without 

significant impairment (Aplet and Keeton 1999; DeLong and Tanner 1996; Hunter 

1990, 1996, 1999; Mitchell et al. 2002; Roberts and Gilliam 1995; Rowe 1992). 

Ecologist J. Stan Rowe made the following observation about the relationship be-

tween active management and disturbance patterns: “The only way to satisfy the 

popular demand for preserving biodiversity is to practice silviculture and harvesting 

within large regions in ways that maintain landscape ecosystems in mosaic patterns 

which approximate or mimic natural mosaic patterns” (quoted in Parminter 1998). 

[This idea is discussed further in the Disturbance Emulation portion of section 6.6.] 

Once land managers acknowledge that disturbance is necessary for many kinds 

of ecosystems, and the frequency, kind, and degree of change is most important, not 

just change itself, they can better account for disturbance and its benefits (Botkin 

1990a). Stand-level disturbance that might be viewed by some managers as negative 

at a small scale might be beneficial, if not integral, to ecosystem structure and func-

tion at a landscape scale (Kimmins 1996, 2004). Heterogeneous landscapes are in-

herently resilient due to species and functional diversity (Gunderson et al. 2010). 



 36 

Box 3. The Natural Disturbance Model 

Designing forest management practices that more closely emulate natural disturb-

ances has been a theme of sustainable forest management. The natural disturbance 

model (NDM) is advocated by many forest ecologists, and it is implicitly promoted in a 

number of corporate and governmental forest management policies. Advocates of ‘close-

to-nature forestry’ have promoted the concept in one form or another for more than a cen-

tury, although debate has usually been couched as a preference between even-aged or 

uneven-aged silviculture. Social demand for near-natural forest management and con-

tinuous-cover forestry continues to grow, particularly in Europe (Malcolm et al. 2001). 

If ‘nature for nature’s sake’ was the only motivation for using NDM to guide forestry, 

we might be accused of committing a ‘naturalistic fallacy,’ a term coined by the philoso-

pher G.E. Moore (1903) to refute the conclusion that there is inherent goodness in the 

state of nature. This can be considered an extension of David Hume’s admonition that 

‘what is’ never provides ethical guidance on ‘what ought to be.’ Perhaps the environmen-

tally-aware children of the 1960s have blithely extended Barry Commoner’s ‘Third Law 

of Ecology’ (i.e., ‘Nature knows best’; Commoner 1971) too broadly, when its primary in-

tent was to warn of the dangers of introducing unnatural chemicals into the environment 

(but nature-knows-best is basically a moral stance, not true ‘biomimicry’ like NDM). 

Widespread adoption of NDM is not primarily an ethical or even aesthetic decision, 

although many of its proponents may be so motivated. Rather, its utility is an application 

of the ‘coarse filter’ approach to biodiversity conservation (Hunter 1991, Burton et al. 

1992). The principles of forest sustainability, along with international commitments to 

biodiversity, mean that it is important to provide for viable populations of all species. But 

we can’t even identify all forest-dependent species (when considering non-vascular 

plants, fungi, arthropods, unicellular organisms, etc.); we can’t possibly develop hundreds 

of species-specific habitat management plans (this is the ‘fine filter’ approach for species 

at risk of becoming extirpated or endangered), and policies promoting any one species 

typically have negative effects on others (Cumming et al. 1994). So the prudent strategy 

is to maintain the composition, age-class distribution, landscape pattern, and stand-level 

structures under which indigenous species have persisted through history. 

Habitats created by forest harvesting rather than disturbance processes such as wild-

fire can never completely duplicate their natural analogues, and we have no assurance 

they are optimal for any given species. Nevertheless, we know that natural habitats pre-

vailing until the modern era were adequate for all the species left for us to manage today, 

so maintaining the closest possible similarity between wild and managed landscapes is 

an inherently conservative approach. Generating forest activity units with sinuous 

boundaries and islands of green trees can also serve social and aesthetic benefits that 

should not be discounted, and it may allow us to think of a landscape as largely wild and 

untamed. But for every person who likes to maintain an illusion of wilderness, there is 

another person who prefers a landscape of orderly domestication. Not only is it invalid to 

assert that natural patterns are right and artificial patterns are wrong (or vice versa), we 

can’t automatically describe naturalistic patterns as ‘pleasing to the eye’ either. Whether 

landscapes sculpted according to NDM are ‘good’ or ‘better’ (for meeting human needs 

and sensibilities, protecting biodiversity, or achieving sustainable forest management) 

remains unsubstantiated until research and monitoring inform us of the tradeoffs and 

net effects associated with this approach (also see Chase 2001 and Namkoong 2005). 

Note: this text was adapted almost verbatim from Adamowicz and Burton (2003, p. 58). 
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These scale-dependent relationships affirm that patterns and processes at one 

scale can be completely different, even contradictory, at broader or finer scales (this 

concept is referred to as emergent properties) because they are driven by different 

mechanisms (Levin 1992). Thus, landscape ecology research needs to be conducted 

by using multi-scale studies because a particular phenomenon cannot be explained 

solely by observations collected at a single scale (Sagarin and Pauchard 2010). 

Ecological principles are the foundation of an approach based on the assumption 

that if the effects of silvicultural treatments closely emulate those of the historical 

disturbance regime, then the risk of losing native species and other ecosystem com-

ponents is greatly reduced (Buse and Perera 2002, DeLong and Tanner 1996, Mitch-

ell et al. 2002, Perera et al. 2004, Rowe 1992). “The act of emulation can range from 

one extreme of absolute mirroring or mimicry (i.e., repeating natural disturbances 

exactly), to another of more learning from nature (i.e., using nature only as a guide 

and selecting which aspects/effects to emulate)” (Buse and Perera 2002). 

Research found that certain silvicultural treatments (clearcutting) may have less 

impact on nutrient cycling and other ecosystem functions than the disturbance pro-

cesses they are designed to emulate (stand-initiating wildfire) (Clayton and Kennedy 

1985, DeBell and Ralston 1970). Table 6 provides ideas for how silvicultural practic-

es could be used to emulate disturbance processes (Dale et al. 1998, Smith 1977). 

“Age distributions of forested landscapes (and the amount of old-age forests) are 

controlled by large landscape-scale processes and not by small-scale processes in-

volved in forest management. Although there has been some shift towards more of a 

landscape perspective on management, there is still some problem with understand-

ing and appreciating that these landscape level processes may be beyond any kind of 

management control” (Johnson et al. 1995). 

The challenge is to integrate a suite of management treatments that effectively 

and appropriately emulate the native disturbance regime for moist-forest land-

scapes. Successfully meeting this challenge will produce a semblance of historic 

structure and composition – a desirable outcome not because the resulting condition 

is historic, but because it is sustainable (e.g., vigorous, self-perpetuating, and with 

characteristic levels of fire, insect, and disease activity) (Fiedler 2000b). 

“The object of disturbance emulation is not to make a clearcut look like a fire, but 

rather to recognize and understand the differences between management and natu-

ral disturbance, and to use that knowledge to improve harvest methods so as to im-

pair ecosystems and their processes as little as possible” (Thompson 2002). Legacies 

are especially important – “the importance of biological legacies is one reason that 

we should be careful in accepting management treatments as analogs for natural 

disturbances” (White et al. 1999). 
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Table 6: Silvicultural practices, and the disturbance processes they can emulate. 

PRACTICE PROCESSES BEING EMULATED 

Clearcutting (with 

reserve trees) 

 Stand replacing fires on sites where they are characteristic 

(e.g., on cold-forest and upper-elevation moist-forest sites). 

 Mountain pine beetle outbreaks in pure, even-aged forest of 

lodgepole pine. 

 Windthrow occurring in pure, even-aged forest. 

Overstory Removal 

(with reserves) 

 Western pine beetle in uneven-aged ponderosa pine forest. 

 Douglas-fir beetle in multi-layered Douglas-fir forest. 

 Spruce beetle in forests with spruce in the overstory and 

spruce and true firs in the understory (Veblen et al. 1991). 

 Mountain pine beetle in multi-layered lodgepole pine forest 

(especially with shade-tolerant species in the understory). 

 Subalpine fir mortality caused by balsam woolly adelgid. 

 Windthrow in subalpine forest with an overstory of lodgepole 

pine and an understory of spruce and fir (Veblen et al. 1989). 

Salvage Cutting  A reburn event in which a second fire consumes trees killed 

by the first burn, typically after they topple over. 

 A wildfire after insect-caused mortality – insects kill the 

trees, they topple over, and their stems are consumed by fire. 

Selection Cutting  Root disease in mature, mixed-species forest (emulated by 

group selection). 

 Dwarf-mistletoe parasitism in mature, mixed-species forest 

(emulated by individual-tree selection). 

 Lightning-caused tree mortality on upper-slope physiographic 

positions (emulated by individual-tree selection). 

 Senescence (tree death) caused by old age in mature forest. 

Shelterwood or 

Seed-Tree 

Cutting 

 Bark beetles in mature, even-aged, mixed-species forest. 

 Mixed-severity wildfire in mature, mixed-species forest. 

 Avalanche chutes on steep slopes in the subalpine zone (emu-

lated by the strip variant of the shelterwood cutting method). 

 Douglas-fir tussock moth defoliation in mixed-conifer forest. 

Thinning  Surface fire in multi-layered forest of ponderosa pine, or in 

mixed forest of ponderosa pine and Douglas-fir/true firs. 

 Budworm damage in dense, even-aged, mixed-conifer forest. 

 Low-intensity fire in areas with a mixed-severity fire regime. 

Understory 

Removal 

 Budworm damage caused by the ‘feeding ladder’ effect in 

multi-layered forest of budworm-host species, where larvae 

rain down from taller trees onto shorter trees (see fig. 22). 

 Surface fires in mixed forest with fire-resistant overstory spe-

cies (ponderosa pine, larch, Douglas-fir) and fire-susceptible 

understory species (lodgepole pine, true firs, spruce). 

Sources/Notes: Silvicultural practices are defined in Helms (1998). 
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Natural processes and their silvicultural analogues can be grouped into two dis-

tinctly different categories: releasing disturbances that kill from the top down, and 

maintenance disturbances that kill from the bottom up (figs. 13 and 14). Thinning 

emulates natural processes that kill trees from the bottom up. Thus, thinning in 

moist forest to emulate the budworm feeding ladder effect (see fig. 22) supports this 

central axiom of ecological forestry: any manipulation of a forest ecosystem should 

mimic the native disturbance processes of a region, as they existed prior to extensive 

human alteration (Hunter 1999). 

Should Managers Attempt To Emulate Disturbance?  

Natural is a term used to describe something existing in nature, something that 

is either not artificial or entirely devoid of human influence (Egan and Howell 2001, 

Hunter 1996, Kay and Simmons 2002). This attitude of humans being unnatural is a 

fundamental precept of many federal laws and policies. The Wilderness Act of 1964, 

Public Law 88-577, is a good example because it defines wilderness as “an area 

where the earth and its community of life are untrammeled by man, where man 

himself is a visitor who does not remain” (Drury 1998). 

The concept of divorcing humans from nature is inconsistent with archaeological 

evidence showing human habitation of interior Columbia River basin ecosystems for 

at least 15,000 years (Knudson 1980). Separating humans from nature offers no ad-

mission that the environment changes constantly, regardless of what humans do or 

don’t do. And it fails to recognize that native people influenced ecosystems at various 

scales in many, although certainly not all, of the landscapes where contemporary 

management activities are occurring (Barrett 1980, Bonnicksen 2000a, Boyd 1999, 

Denevan 1992, Kay and Simmons 2002, Robbins 1997, Shinn 1980, Vale 2002). 

The question of whether humans should intervene in natural processes is moot, 

since ecosystems around the world bear their indelible imprint (Barrett 1980, Botkin 

1995, Knudson 1980, Stewart 1963). And divorcing humans from nature is inconsis-

tent with the principles of ecosystem management (Christensen et al. 1996): 

 An acknowledgment of humans as ecosystem components is explicit. 

 Long-term sustainability is a fundamental value. 

 Clear, operational goals are vitally important. 

 Sound ecological models and understandings are evident. 

 An appreciation of ecosystem complexity and interrelations is incorporated. 

 Recognition of the dynamic character of ecosystems is apparent. 

 An attention to context and scale is obvious. 

 A commitment to adaptability and accountability is included. 
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Figure 13 – Diagram classifying forest disturbance processes as either ‘stand 

initiating’ or ‘stand maintaining’ (or both for some processes), and then fur-

ther assigning the stand-maintaining processes to either a ‘bottom up’ or a 

‘top down’ functional group. Anthropogenic processes, shown in red text, were 

assigned to the functional group for which they are most compatible in a dis-

turbance-emulation context. 

Timber Harvest And Landscape Pattern  

In some managed landscapes, inherent vegetation patterns have been altered by 

previous tree harvest practices, particularly regarding the effects of clearcutting 

(Franklin and Forman 1987). Often, the result of clearcutting was a visual pattern 

whose texture, form, line and color were out of scale with natural landscapes. [Nat-

ural landscapes are defined as those whose elements – texture, form, line, color, etc. 

– were produced by a disturbance regime free of influence from tree harvest, fire ex-

clusion, and other anthropogenic factors.] 

On national forest system lands in eastern Oregon and eastern Washington, the 

size of patches created by anthropogenic disturbances such as tree harvest is limited 

to no more than 40 acres by the National Forest Management Act of 1976 (Public 

Law 94-588). When considered from a landscape perspective, patches of 40 acres or 

less are often inconsistent with vegetation patterns resulting from the inherent dis-

turbance regime (DeLong and Tanner 1996). In the DeLong and Tanner (1996) 

study, harvested patches had simpler boundaries and less remaining mature forest 

than burnt areas, and fire patches were more complex as they got bigger. 

Forest Disturbance Processes

Stand Initiating Stand Maintaining

BOTTOM UP TOP DOWN

• Crown Fire

• Bark Beetles

• Defoliators

• Clearcutting

• Seed-Tree Cutting

• Surface Fire

• Defoliators

• Ungulate Herbivory

• Dwarf Mistletoes

• Competition

• Improvement Cut

• Selection

• Shelterwood

• Thinning/Release

• Understory Removal

• Windstorm

• Balsam Woolly Adelgid

• Root Diseases

• Lightning

• Old Age (senescence)

• Snow Avalanche

• Dwarf Mistletoes

• Bark Beetles

• Overstory Removal
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Figure 14 – Examples of stand initiating and stand maintaining silvicultural treat-

ments (from Powell 1994; see fig. 13). Clearcutting with reserves (upper left) and 

seed-tree seed cuts (upper right) are examples of stand-initiating silvicultural treat-

ments. Shelterwood cutting (lower left) and group selection (lower right) are exam-

ples of stand-maintaining silvicultural treatments. Traditional large-patch clearcut-

ting removed all of the live trees and most of the dead wood from an area; clearcut-

ting with reserves retains some live trees and more of the dead wood, both of which 

function as intergenerational ecosystem memory (e.g., biological legacies). 

  



 42 

Historical patch sizes were analyzed for the Desolation Creek watershed, located 

within the North Fork John Day River subbasin. Table 7 summarizes patch charac-

teristics for historical cover types and structural stages for the Desolation Creek wa-

tershed. It shows that Douglas-fir had the most cover type patches, followed by 

grand fir and then lodgepole pine. The largest patches were comprised of lodgepole 

pine, however, since they averaged 434 acres in size and ranged up to a maximum of 

18,126 acres. In a landscape classification framework, lodgepole pine would be con-

sidered the matrix element for species composition (USDA Forest Service 1999). 

Table 7 shows that the stand initiation structural stage had the most patches in 

the Desolation watershed in 1939 (excluding the nonforest patches (NF) that were 

ignored for forest structural stage purposes), followed by old forest single stratum 

and then young forest multi strata. The largest patches were those comprised of old 

forest (old forest multi strata and old forest single stratum), since they averaged 

214-223 acres in size and ranged up to 6,271 acres. In a landscape classification 

framework, old forest would be considered the matrix element for forest structure. 

The Desolation Creek watershed analysis, for example, suggests that limiting 

patch size to 40 acres is inappropriate for lodgepole pine and other ecosystem types 

adapted to episodic disturbance processes affecting wide areas (Stuart et al. 1989). 

Limiting patch sizes to 40 acres or less is particularly inappropriate if anthropogenic 

patches are intended to emulate the vegetation mosaic created by native disturbance 

processes (Buse and Perera 2002; also see table 6 and fig. 13) because table 7 shows 

that 40-acre patches are smaller than the mean value for many cover types and 

structural stages and, with one exception, 40 acres is smaller than the maximum 

patch size for every cover type and structural stage. This finding demonstrates that 

a 40-acre limitation is somewhat arbitrary and, while it may be well-meaning in 

terms of addressing public aversion to clearcutting (Bliss 2000) and even-aged man-

agement, it is not well aligned with disturbance emulation principles or concepts. 

Future activities in managed landscapes could attempt to rehabilitate undesira-

ble visual conditions by restoring a natural vegetation pattern, e.g., a pattern in 

synchrony with, or analogous to, one produced by the native disturbance regime 

(Perera et al. 2004). As an example, existing clearcut units could eventually be ex-

panded and shaped in such a way as to approximate the pattern, juxtaposition, and 

size of patches created by historical occurrences of stand-initiating wildfire (Botkin 

1990a, Keenan and Kimmins 1993, Urban et al. 1987). 

This approach to land management has been referred to as ‘prescriptive scaling.’ 

Urban et al. (1987) described it this way in their article about landscape ecology: 

“Foresters use prescriptive scaling when they mimic natural disturbances with 

clearcuts, a practice that represents the collective wisdom of generations of foresters, 

who have found a successful clearcutting strategy through trial and error.” [Note: 

this quote often elicits strong reaction from those who disagree with the ‘wisdom’ of 

clearcutting. But rather than endorsing clearcutting, the quote actually extols the 

value of passing ‘lessons learned’ from one generation of foresters to the next.] 
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Table 7: Patch analysis for the Desolation Creek watershed (1939 conditions). 

 Patch Type 

Number of 

Patches 

Minimum 

Patch Size 

Average 

Patch Size 

Maximum 

Patch Size 
C

o
v

e
r
 T

y
p

e
s
 

  <―――――――― Acres ―――――――――> 

Subalpine fir 23 1 348 6,400 

Douglas-fir 85 3 152 3,087 

Engelmann spruce 10 3 48 273 

Lodgepole pine 59 1 434 18,126 

Ponderosa pine 35 4 103 1,421 

Western larch 22 5 68 502 

Grand fir 80 6 150 2,027 

Mixed composition* 20 12 119 471 

Nonforest 85 1 36 589 

Total 419    

S
tr

u
c
tu

r
a

l 
S

ta
g

e
s
 Nonforest 85 1 36 589 

Old forest multi strata 72 9 214 6,271 

Old forest single stratum 85 3 223 4,840 

Stem exclusion closed 69 1 183 2,815 

Stem exclusion open 3 19 24 31 

Stand initiation 117 1 63 838 

Understory reinitiation 12 11 98 423 

Young multi strata 73 1 149 2,009 

Total 516    

Sources/Notes: This analysis was based on information derived from interpretation of aerial 

photography acquired in 1939-40 (the first aerial photography flown for the Blue Mountains 

was completed in 1939-40). For the Desolation watershed, the Forest Service procured the 

photography from the National Archives, and it was provided to a well-experienced photo in-

terpreter to characterize historical conditions. Private lands in the watershed were included 

in the analysis. Patch metrics were calculated by using spatial analysis software (Ager 1997). 

* The mixed composition cover type includes forests where no single species reached 50% of 

the composition; other types have a predominance of the species for which they are named. 

Forest Fragmentation 

The loss of landscape connectivity, often described as habitat or forest fragmen-

tation, is considered by some landscape ecologists to be among the greatest threats 

to biological diversity (Noss and Cooperrider 1994). It is generally recognized that 

fragmenting an area of contiguous forest into smaller patches diminishes both the 

quantity and quality of the remaining forest interior habitat. Fragmentation is also 

believed to increase the risk of some types of ‘catastrophic’ disturbance such as 

windthrow, fire, insects, pathogens, and landslides (Franklin and Forman 1987). 

A major scientific conference was convened in Portland, Oregon to address forest 

fragmentation, including consideration of its consequences on wildlife populations in 

the western United States and Canada. A book containing 15 peer-reviewed chap-

ters was published to summarize findings from the conference (Rochelle et al. 1999). 

The conference discussed fragmentation in light of the theory of island biogeog-

raphy, which considers forest patches as islands separated from each other by a sea 
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of hostile habitat. Much of the ‘island biogeography’ paradigm was derived from re-

search conducted in the midwestern and eastern United States in situations where 

forest habitat had been converted to agricultural or urban uses (Harris 1984, Mac-

Arthur and Wilson 2001). 

Conference findings drew a clear distinction between forest fragmentation, 

where older and younger patches are juxtaposed on the landscape, and habitat loss, 

which occurs when forest is converted to a completely different land use (such as for-

est conversion for a WalMart store and its paved parking area). Key findings from a 

forest fragmentation conference included these items (Rochelle et al. 1999): 

 Response of vertebrate populations to fragmentation differs, but for most species 

the effects of habitat loss are more significant than changes in habitat pattern. 

 Some research suggests that vertebrate survival will be affected if the area of 

suitable habitat falls below a threshold of 20-30 percent. 

 Negative effects on vertebrates occurring after forestland was converted to agri-

cultural or suburban development are not apparent in western forests fragment-

ed by timber production. 

 Pacific Northwest forests were naturally fragmented by disturbances such as fire 

and defoliating insects; in drier forests of eastern Oregon and Washington, fire 

suppression has been de-fragmenting the indigenous patterns of fuel distribution 

and accumulation, thereby increasing the potential for large wildfires. 

 Discussions of forest fragmentation are most meaningful if made in the context 

of historical landscape conditions. 

 Connectivity of the landscape is not uniformly important to forest vertebrates 

because they vary in their gap-crossing abilities – there was little evidence that 

lack of connectivity is a threat in forests of the Pacific Northwest. 

 There is little evidence from the Pacific Northwest to indicate the degree to 

which corridors affect animal movements – either limited by their absence, or 

enhanced by their presence. 

 Bird abundance doesn’t change significantly in a forest stand from 40 years old 

to maturity; although some vertebrate species are restricted to old growth, there 

are no apparent old-growth dependent communities (groups of species) among 

amphibians, reptiles, birds or mammals (with the possible exception of bats). 

 Leaving relatively small amounts of habitat structure (shrubs, snags, decaying 

wood, live conifers, and broadleaf trees) after tree harvest apparently makes the 

matrix area between patches more hospitable, suggesting that most late-success-

ional species can be maintained in managed stands by retaining these structural 

elements (see figure 71 in section 6.5 later in this white paper). 

 Riparian areas are often richer in species and more densely inhabited than are 

upland areas, but few forest-dwelling species are restricted to riparian areas. 

 More vertebrate species are positively than negatively associated with edge habi-

tat, although research has documented a few species that are consistently asso-

ciated with forest interior habitat. 
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 The increased predation and nest parasitism observed when forest edge is sur-

rounded by agricultural or suburban development are not evident when forest 

lands remain in forest use. 

 There is no ideal patch size – management approaches that result in a variety of 

habitat conditions and patch sizes on the landscape will meet the needs of the 

greatest number of species. 

 Forest managers in the Pacific Northwest should not blindly apply the results of 

research studies from other regions such as the eastern and central United 

States. 

 Forest fragmentation can best be understood from the perspective of individual 

species – “a landscape is not inherently connected or fragmented; the same land-

scape may be both from the perspective of two different species.” 

Disturbance As A Management Template  

Cissel et al. (1994) described a six-step process to analyze disturbance regimes at 

a landscape scale, and then use the results to generate management actions: 

1. Assess historical and current disturbance regimes for terrestrial and aquatic eco-

systems. 

2. Integrate this information by using an appropriate mapping and/or narrative 

technique, and define a desired landscape condition and associated management 

approach for sub-areas, or strata, with similar disturbance regimes, potential 

vegetation, and human use patterns. 

3. Project the management approach into the future by using a geographical infor-

mation system; assume no natural disturbances, but allow for plant succession; 

model management activities that emulate the historical disturbance regime. 

4. Analyze the resulting landscape pattern to see if adjustments are needed to meet 

established management objectives (current conditions, for example, may be out-

side the range of desired conditions). 

5. Adjust the frequency, intensity, or location of future harvest units; change the 

amount or shape of reserves; allocate ecosystem restoration practices. 

6. Identify management actions that will encourage development of the desired 

landscape condition. 

4.6 Old Forest On Moist Upland Sites 
Many people enjoy experiencing an old forest because of what they see and how 

it makes them feel (Hoffman et al. 1999). People tend to think of old forests as tran-

quil, unchanging places (fig. 15). “Because we are unable directly to sense slow 

changes and because we are even more limited in our abilities to interpret their 

cause-and-effect relations, processes acting over decades are hidden and reside in 

what is called the invisible present” (Magnuson 1990). 
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Figure 15 – Moist, old-forest stand in the upper Mottet Creek area of the 

Umatilla National Forest. This example shows a relatively dense overstory of 

grand fir, and an undergrowth dominated by low forbs (primarily ginger, 

twinflower, and darkwoods violet for this area). Note the sward of bracken 

immediately behind the large trees, and Sitka alder behind the bracken. In 

the lexicon of contemporary forest structural stages (table 5), the immediate 

foreground condition would classify as ‘old forest single stratum.’ The more 

typical old forest stage encountered on moist sites is ‘old forest multi strata.’ 

Some moist forest areas, by virtue of their topographic position, soil type, or a 

combination of environmental and vegetation conditions, are less frequently affected 

by stand-replacing disturbances than the surrounding landscape. These areas may 

be thought of as semi-stable elements in a dynamic landscape because their environ-

mental settings allow them to function as disturbance refugia. [But also note that 

disturbance and structure are synergistic, and have interacting feedback loops: a 

moist landscape dominated by old forest structure can have a different disturbance 

regime than a similar moist-forest landscape featuring young stands.] 

Disturbance refugia are often associated with specific physiographic settings 

such as upper headwalls, the confluence of two stream channels, areas with perched 

water tables, and sheltered ravines or valley bottoms immediately adjacent to per-

ennial streams (Camp et al. 1997, Romme and Knight 1981, Taylor and Skinner 

1998). They typically differ from the surrounding landscape matrix in species com-

position, or in structural attributes such as tree height, stand density, or diameter 

distribution. Refugia may harbor plant and animal species that would otherwise be 

absent if an entire landscape was affected by the same disturbance regime. 

Depending on the ecological context, fire was often the most influential disturb-

ance process for matrix areas of the landscape. But disturbance refugia were most 

commonly affected by insects and diseases, thereby creating soft snags and other bi-
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otic components largely missing from the fire-influenced forest (Camp et al. 1997). 

The forest structure associated with moist-forest disturbance refugia typically con-

sists of late-successional species occurring in multi-cohort, high-density stands 

(grand fir, Engelmann spruce, or subalpine fir forests with multiple canopy layers 

and large tree diameters; fig. 15). The structural condition associated with disturb-

ance refugia was referred to historically as ‘old growth’ (fig. 16). 

A common misconception is that old growth is synonymous with climax condi-

tions (Box 4, and see figs. 11 and 16 for additional context). For forests of the interior 

Pacific Northwest, this generalization is seldom true because many old-forest stands 

feature an overstory with large-diameter trees of early- or mid-seral species (ponder-

osa pine, Douglas-fir, western larch, or western white pine; see table 4), although 

the understory may have a predominance of small-diameter, late-seral or climax tree 

species (Hall 1984, Hall et al. 1995). 

As a result of fire suppression, ungulate herbivory, and selective timber harvest, 

there has been a pronounced shift in old-forest physiognomy – reflected by a shift 

from open ponderosa pine forest to closed pine and Douglas-fir stands for dry forests, 

and for moist forests, the transition has been from tall white pine-western larch 

stands to relatively short grand fir-spruce-subalpine fir stands (Graham et al. 1999, 

Hessburg et al. 1999b, Lehmkuhl et al. 1994, Powell 1994). 

Is Old Forest Reduced From Characteristic Levels?  

Many definitions of old forest include the onset of death in the initial tree cohort, 

accompanied by down wood accumulation, creation of canopy gaps, and growth of 

understory trees into the overstory. Studies of old growth forest have often focused 

on these stand-level characteristics (number and type of trees per acre, down logs, 

number of canopy layers, etc.) rather than the geographical representation of old 

growth at a landscape scale (Franklin et al. 1981). The lack of a landscape perspec-

tive may have contributed to a common belief that much of North America’s forest 

was old growth prior to Euro-American settlement (Botkin 1990a, Harris 1984, 

Johnson et al. 1995, Kimmins 1996, Sprugel 1991). 

Several recent bioregional assessments suggest that old forest structure has been 

reduced in most of eastern Oregon and Washington since the Euro-American settle-

ment era (Hessburg et al. 1999b, Lehmkuhl et al. 1994). Quantified information 

about historical amounts and distribution of old forests is scarce, however, so it is 

unclear whether a reduction has actually occurred and, if so, what its magnitude 

might be. 

Camp et al. (1997) found that old forests historically occupied a relatively small 

proportion of the landscape in the Wenatchee Mountains of eastern Washington (9 

to 16 percent). Peter Lesica (1996) calculated presettlement old-growth percentages 

for numerous forest ecosystem types in the northern Rocky Mountains; his estimates 

were based on the ‘negative exponential model’ of fire frequency (fig. 17; Johnson 

and Gutsell 1994, Van Wagner 1978). 
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Figure 16 – Physiognomic succession in a coniferous forest (adapted from 

Thomas et al. 1979). After a stand-initiating disturbance event, a new forest 

develops by passing through successive and predictable stages. These chang-

es result in a progression of vertical structure (physiognomy) through time. 

This figure shows a six-stage chronosequence, beginning with a grass-forb 

stage and culminating in a late-seral, old-growth stage. Compare this system 

for classifying forest structure with contemporary approaches involving crite-

ria based on physiological characteristics and stand dynamics (see table 5). 

Since the negative exponential model is an age-class or cohort-analysis tool, it is 

most compatible with biophysical environments where stand-replacing disturbance 

processes tend to replace old patches and initiate new ones (Johnson et al. 1995). 

Areas influenced primarily by surface fire or another stand-maintaining disturbance 

regime are incompatible with the negative-exponential model. But this concept could 

also be integrated into an overall planning strategy for moist forest – the negative 

exponential model could be used for the stand-replacing component of a disturbance 

regime, and another analytical procedure could reflect secondary (and non-replacing) 

influences such as budworm defoliation. 

But even though the negative exponential model is generally perceived as being 

incompatible with stand-maintaining disturbance regimes, including those most in-

fluential in shaping the characteristics of dry-forest ecosystems, it is interesting that 

Hessburg et al. (2007) found the patch size distributions for low-, mixed-, and high-

severity fires in dry forests to fit a negative exponential distribution. 

The negative exponential model also describes tree diameter distributions well 

(Rubin et al. 2006), and when used in a fire planning context, it predicts that about 

two-thirds of a region will have stands younger than the fire cycle, and about one-

third will have stands that are older than the fire cycle (Rowe 1983). Peter Lesica’s 

negative-exponential analysis for the northern Rockies showed that old forests 

might have occupied between 4 and 46 percent of the landscape, varying with geo-

graphical location and potential vegetation setting (Lesica 1996). 
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Box 4. Will Similar Old Growth Develop on Similar Sites? 

How much of the floristic composition of an area is due to abiotic site factors versus 

historical factors? A fascinating study examined this question by sampling moist, old 

growth forests in western Montana. The objective of the study was “to measure the rela-

tive influence of site factors and historical factors on species composition of old-growth 

forests in a narrow range of environments” (McCune and Allen 1985). 

What was done. Mesic, low-elevation forests were sampled in 11 east-west trending 

canyons along the east slope of the Bitterroot Range in western Montana. With one ex-

ception (a canyon with previous timber harvest was excluded from consideration), all 

canyons were adjacent, located on similar parent material (granitic geology of the Idaho 

batholith formation), and similar in size, shape, and stream discharge. 

Species composition data was collected from transects in each sample canyon and 

then stratified by tree size class, providing information about vertical forest structure 

and “species composition in relation to stand age and topographic position.” Detailed en-

vironmental data (moisture, nutrients, and light) were collected in 13 old-growth stands 

distributed among 4 of the 11 sample canyons. Old-growth stands had a predominance of 

grand fir, western redcedar, or Pacific yew. Ordination and regression analyses were 

used to evaluate the central question: “how well do the site variables account for compo-

sitional differences?” 

What was found. Since the sampled areas had no evidence of recent disturbance 

and were sites with low environmental variability – each old-growth stand occurred on 

granitic parent material and experienced a similar macro-climatic regime – it was as-

sumed that site factors and vegetation were largely independent of each other. Surpris-

ingly, McCune and Allen (1985) found that only 10 percent of the floristic composition as-

sociated with old-growth forests in the Bitterroot canyons was due to abiotic site factors, 

while the other 90 percent was presumably related to historical (stochastic) factors, or to 

unmeasured variables or imprecise measurements. 

These results have interesting implications because a central tenet of plant ecology is 

convergence – once plant succession progresses to the point of a climax community, there 

should be a high degree of floristic similarity from one area to another because climax 

vegetation supposedly represents a consistent expression of abiotic site factors (Whitta-

ker 1953). The cone-shaped model of plant succession is based on convergence because its 

broad base consists of early-seral communities, the smaller middle portion is comprised 

of mid-seral communities, and the narrow pointed top represents the ultimate stage of 

secondary plant succession – a single climax plant community (Steele 1984). 

Perhaps the most interesting implication is that “climax communities are used as 

standards for comparison: standards for comparing sites on both local and regional 

scales, standards of relative stability for community dynamics, and standards for evalu-

ating the effects of disturbance and pollution by humans.” But “if similar sites need not 

develop similar communities, then we should be cautious in using climax vegetation as a 

standard for comparisons that rest upon the assumption that composition at climax is 

solely determined by site characteristics” (McCune and Allen 1985, p. 368, 375). 

Summary. McCune and Allen’s (1985) work provides compelling evidence of the 

dominant role that chance (stochasticity) plays in vegetation development, and it demon-

strates that plant succession can have multiple endpoints. It also suggests that initial, 

post-disturbance composition affects subsequent plant succession, and that the influence 

of initial composition can still be apparent even centuries after disturbance occurred. 
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Figure 17 – Cumulative age distribution for a stand-initiating disturbance 

interval of 100 years (adapted from British Columbia Ministry of Forests 

1995b). 

Once the return interval for stand-initiating disturbance is known, a pro-

jected age-class distribution can be calculated. When using the negative ex-

ponential model shown here, it is assumed that the probability of disturbance 

is mostly independent of forest age, so it is most appropriate for forests where 

fires are stand replacing and fire return intervals are influenced more by 

broad-scale climatic trends than by fuel accumulation (such as fire regime III 

and IV sites in the Blue Mountains) (Johnson and Gutsell 1994). 

The gray portion of a bar shows the landscape percentage that is greater 

than the age class; the black portion shows the percentage less than the age 

class. For the 20-year age class, for example, about 82% of a landscape influ-

enced primarily by stand-initiating disturbance occurring with a 100-year re-

turn interval would support forests greater than 20 years of age; 18% of the 

landscape would have forests less than 20 years old. 

But as a general ‘rule of thumb’ for the negative exponential model, one-

third of the stands will be older than the stand-replacing interval, and two-

thirds are younger. If attempting to mimic this age distribution, we need to 

provide old forest, but not ‘so old’ (e.g., > 200 yr) as to be unnatural and high-

ly susceptible to uncharacteristic insect or disease levels (DeLong 2011). 
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4.7 Summary: Disturbance Principles  
Disturbances are fundamentally important in controlling landscape pattern and 

ecological function for moist-forest ecosystems. Peter White (1987) described seven 

general principles regarding disturbance regimes and their effects: 

1. Disturbances occur at a variety of temporal and spatial scales – disturb-

ances act on both small and large spatial scales, and can influence ecosystem 

components for short or long time periods. 

2. Disturbances affect many levels of biological organization – disturbances 

can disrupt ecosystem development, return areas to earlier seral stages, and 

change terrestrial or aquatic habitat mosaics. 

3. Disturbance regimes vary, both regionally and within any particular 

landscape – disturbance regimes commonly vary with potential vegetation set-

ting: 80% of individual tree mortality in cold-forest types is typically related to 

wind, whereas 20% or less may be wind-related in dry-forest types. 

4. Disturbances overlay environmental gradients, both influencing and be-

ing influenced by those gradients – disturbances behave differently depend-

ing on which environmental setting they interact with (dry versus moist versus 

cold). Non-specific disturbances, including many abiotic agents (wind), may occur 

in every biophysical environment, but act differently in each one. 

5. Disturbances interact and can be synergistic (see fig. 6) – mountain pine 

beetles attack lodgepole pines weakened by a slow-moving fungus (Phaeolus 

schweinitzii), the resulting dead trees eventually contribute to a forest fire, fire 

causes basal wounds on surviving trees, the wounds provide new infection points 

for the fungus, and the cycle begins again (Geiszler et al. 1980). 

6. Disturbances may result from feedback between the state of a plant 

community and its vulnerability to disturbance – the composition and 

structure of dry-site forests, for example, was a direct result of frequent surface 

fires, which ensured a sustainable ecosystem by reducing its vulnerability to 

crown fire (by limiting development of a multi-layered structure and its associat-

ed ladder fuel), and by preventing succession to the late-seral tree species (on 

dry-forest sites, the late-seral species are not fire tolerant, and they would not be 

sustainable in a frequent-fire environment). 

7. Disturbances produce variability in communities – disturbances promote 

plant and animal diversity by influencing species composition, age, edge charac-

teristics, and distribution of structural stages across the landscape. 

“There is no doubt that some birds, especially woodpeckers and many owls, 

do indeed require old stands to nest in. But old-growth forest is not ecological 

nirvana. It is just one of many different habitats that different species of birds 

have adapted to. A world of nothing but old-growth forest is just as much a bio-

logical desert as a world lacking in old-growth” (DeGraaf 1991). 
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Section Summary 

Many disturbance agents influence moist forests of the Blue Mountains; ten im-

portant agents or processes are discussed in this section. 

1. Defoliating insects (western spruce budworm, Douglas-fir tussock moth, and larch 

casebearer) are especially important. Western spruce budworm (section 5.2) and tus-

sock moth (section 5.3) are described individually because they are so influential. 

Figure 18 shows that the areal extent of defoliating insects has been greater than 

any other disturbance process affecting the Umatilla National Forest. 

2. Dwarf mistletoes affect three common tree species of the moist-forest zone: Douglas-

fir, western larch, and lodgepole pine. 

3. Stem decay caused by the Indian paint fungus is common in older moist forests with 

a predominance of grand fir; it also provides important ecosystem services for cavity-

nesting bird species and other species utilizing tree-stem holes and hollows. 

4. Root diseases (Annosus, Armillaria, and laminated) are widespread, site-level organ-

isms of moist-forest ecosystems; their impact can be minimized by how moist forests 

are actively managed (by incorporating a species preference during thinning, etc.). 

5. Bark beetles exert strong control on the species composition of moist forests because 

they tend to be host-specific: mountain pine beetle affects lodgepole pine primarily, 

Douglas-fir beetle affects Douglas-fir, and fir engraver affects grand fir primarily. 

6. As would be expected, wildfire has an important influence on the composition, struc-

ture, and development of moist forests. Moist forests generally have a mixed-severity 

fire regime (FR); three fire subregimes are also recognized: relatively high frequency 

(FR IIIa), moderate frequency (FR IIIb), and low frequency (FR IIIc). 

7. Wind is an important disturbance process, particularly for moist-forest sites with 

tall, shallow-rooted species (Engelmann spruce) and fine-textured soils such as ash 

caps. Widespread, episodic wind events are common in the northern Blue Mountains. 

8. Timber harvest occurs in the moist-forest zone, as it has since the mid-1950s. Clear-

felling was the predominant cutting method until the early 1990s, and it contributed 

to establishment of dense, uniform, young stands now requiring active intervention 

to restore an ecologically appropriate composition, structure, and density. 

9. Non-native invasive species have also played a role in moist forests, with white pine 

blister rust (affecting western white and other five-needled pines) and balsam woolly 

adelgid (affecting subalpine fir) being notable examples. 

10. Climate change is included as a disturbance agent because it is already influencing 

other disturbance processes, including wildfire occurrence and severity, defoliating 

insect impact, and bark-beetle distribution and severity. Due to drought and extreme 

weather events, climate change also causes direct changes in vegetation conditions. 

Section 5 discusses how active management practices can be used to influence stand 

and forest susceptibility to defoliating insects, how active management strategies could 

incorporate the ecological role of disturbance processes (including enhancement of birds 

and other natural enemies of defoliating insects), and how density management practices 

can be implemented to not only reduce stand susceptibility to bark beetles, but also to in-

crease a tree’s capacity to produce plant defensive chemicals such as phenols and ter-

penes. 
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The last fifty years saw a period of rapid change for millions of forested acres in 

the Blue Mountains (Gast et al. 1991, Wickman 1992). Some of this change was re-

lated to normal forest growth and maturation, but much of it resulted from disturb-

ance agents such as mountain pine beetle, western spruce budworm, Douglas-fir 

beetle, and fir engraver (fig. 18). Disturbance agents can be assigned to two broad 

categories depending on whether they are derived from living or non-living compo-

nents of the environment: biotic and abiotic. And weather and climatic influences 

(including drought), an important abiotic factor, often interacts synergistically with 

disturbance agents from both categories. 

Biotic disturbance agents of notable importance for moist-forest sites include de-

foliating insects such as spruce budworm and tussock moth; bark beetles such as 

Douglas-fir beetle, fir engraver, and mountain pine beetle; dwarf mistletoes affecting 

Douglas-fir, western larch, and lodgepole pine; three root diseases; one stem decay 

fungus; and non-native, invasive forest pests. Two abiotic agents exert an important 

influence on moist forest sites: wildfire and wind. And finally, two anthropogenic ac-

tivities include timber harvest (major influence historically), and climate change. 

Each disturbance agent is discussed individually in this section of the white paper. 

5.1 Defoliating Insects  

When considering moist upland forests in the Blue Mountains, three defoliating 

insects have been most influential: western spruce budworm, Douglas-fir tussock 

moth, and larch casebearer (Torgersen 2001). Of the three, budworm and tussock 

moth have been most active and widely distributed, particularly at a landscape 

scale; for this reason, they will be discussed in individual sections. 

At the stand scale, population increases of western spruce budworm and Doug-

las-fir tussock moth seem to be related to certain site conditions associated with de-

velopment of nutrient deficiencies or imbalances in their host trees (Stoszek 1988b). 

Moisture and nutrient stresses cause changes in the synthesis of chemical defense 

compounds in host foliage, perhaps functioning as a predisposing or preconditioning 

factor for insect success, and they are considered to be important factors contribut-

ing to population increases for both insects (Carlson et al. 1985, Cates et al. 1983). 

The magnitude of defoliator outbreaks can often be traced to man-caused chang-

es in forest conditions that tipped the biological balance to favor these insects. Direct 

suppression using chemical or biological insecticides can reduce damage for short 

periods, for example, but it has not been found to change the overall course of an 

outbreak (Carlson et al. 1983, Torgersen et al. 1995). 

Disturbance in forests affected by defoliating insects happens when periodic in-

sect population oscillations increase to a point where they have a measurable impact 

on the composition, structure, or function of the ecosystem. Due to the periodicity of 

defoliator outbreaks, repeated infestations have been considered to have relatively 

similar ecological effects as recurring, non-lethal fire (Swetnam and Lynch 1993, 

Yazvenko and Rapport 1997). 
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Figure 18 – Disturbance process trends from 1947 to 2010 for the Umatilla 

National Forest. Although fire hazard has recently received the most atten-

tion and funding, this disturbance history for the Umatilla National Forest 

suggests that forest conditions are influenced more by forest insects than by 

wildfire or timber harvest. This chart shows two major outbreaks of western 

spruce budworm (1944-1958 and 1980-1992), and outbreaks of mountain pine 

beetle (MPB) and Douglas-fir tussock moth (DFTM) in the early to mid 

1970s. Six of the Forest’s largest recent fires are also shown (Bull, Summit, 

Tower, Wheeler Point, School, and Columbia Complex). It has been noted 

that native forest insects are the greatest forces of change in North American 

forests – the forest area affected by insects and pathogens in the United 

States is approximately 45 times greater than that affected by fire, with an 

economic impact almost five times as great (Dale et al. 2001). Trends shown 

here for the Umatilla National Forest parallel broader trends for the United 

States (i.e., much more area is affected by insects than by wildfire). 

Interactions between insects and other disturbance processes are common – 

“bark beetles transmit pathogens between trees, and pathogens reduce trees’ ability 

to resist beetles” (White et al. 1999). The issue of whether an interaction exists be-

tween insects and fire has been controversial, but research suggests that an interac-

tion can occur (Li et al. 2003). Several studies from central Canada, for example, in-

dicate that spruce budworm activity tends to precede fire disturbance by about four 

years (Bergeron and Leduc 1998, Fleming et al. 2002). 

Outbreaks of western spruce budworm or Douglas-fir tussock moth tend to be: 

1. Spatially synchronized (across all of western North America for budworm), and 

temporally periodic (periods of high impact followed by periods of low impact, 
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across wide areas). Regional climate trends (e.g., drought) can function as a syn-

chronizing factor for budworm outbreaks (Campbell et al. 2005). 

2. Predictably selective, which results in different post-disturbance legacies than 

are created by abiotic agents such as fire or wind because defoliators tend to 

have very specific biological relationships with their host plants (Holling 1992). 

5.2 Western Spruce Budworm 

Western Spruce Budworm (Choristoneura occidentalis) 

 TREE SPECIES AFFECTED: Douglas-fir, grand fir, subalpine fir, and Engelmann spruce. 

 DAMAGE CAUSED: Reduced tree growth following defoliation; reduced seed production from 

budworm feeding on cones, and from decreased tree vigor; top killing; tree mortality. 

 IMPACTS AND EFFECTS: Cyclic outbreaks are common – the Blue Mountains were most re-

cently affected from 1944 to 1959, from 1980 to 1992, and from 2001 to 2012. 

 CONTROL MEASURES: Spray with insecticides; favor early-seral, non-host trees during stand 

management; create single-story stands when dealing with pure host type; stocking-level 

control; create host/non-host mosaics over large areas. Much of the 1944-59 outbreak was 

sprayed with DDT; portions of the 1980-92 outbreak were sprayed with carbaryl or Bt. 

 FOREST INSECT AND DISEASE LEAFLET: No. 53 (Fellin and Dewey 1986). 

Western spruce budworm, a native insect, is usually an unobtrusive inhabitant 

of mixed-conifer forests containing grand fir, Douglas-fir, Engelmann spruce, or sub-

alpine fir. But occasionally, after weather and other environmental conditions be-

come ideal for its growth and survival, budworm populations increase very rapidly 

during what is called an outbreak. 

The Blue Mountains have experienced two budworm outbreaks during the last 

70 years – the most recent one extending from 1980 to 1992, and an earlier outbreak 

discovered in its early stages on the Heppner Ranger District in 1944 (Whiteside 

1956). The earlier outbreak lasted until 1958. The 1980-92 outbreak had a broader 

areal extent in the Blue Mountains than the 1944-58 outbreak (fig. 19). 

Wickman et al. (1994) identified possible spruce budworm outbreaks by analyz-

ing the ring patterns of host and nonhost trees growing on the same site. They in-

ferred that a severe outbreak was present in the northern Blue Mountains between 

1898 and 1909; other outbreaks apparently occurred during 1870-78, 1838-42, 1822-

30 and 1775-1785. Outbreaks were also active during these periods in northern New 

Mexico (Swetnam and Lynch 1993), suggesting that budworm fluctuations may have 

been synchronous over wide areas of western North America (as they are currently). 

During a budworm outbreak, many of which last for a decade or more, trees and 

stands containing susceptible host species are affected in a variety of ways: 

1. Defoliation. An adult western spruce budworm is a small, grayish moth. It 

causes tree damage in the larval (caterpillar) stages of its life cycle. Damage oc-

curs when the larvae feed on a tree’s foliage and buds in a process called defolia-

tion. 
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2. Topkilling. Topkilling occurs when budworm larvae consume the foliage and 

buds near the top of a tree, eventually killing that part of its stem (fig. 20). Even 

if defoliation is not severe enough to kill the top, height growth is reduced or 

eliminated during each year that feeding occurs. 

3. Direct Tree Mortality. Direct mortality occurs when budworm defoliation oc-

curs long enough to kill trees outright. During the 1980-1992 Blue Mountains 

outbreak, budworm had a pronounced effect on tree mortality in mixed-conifer 

forests of the Blue Mountains (fig 21). 

Note that budworm-impact studies have consistently shown that tree mortal-

ity is selective (Carlson and Wulf 1989, Hummel and Agee 2003, Powell 1994) – 

short trees are killed more often by budworm than tall ones, primarily due to a 

phenomenon called the ‘feeding ladder effect’ (fig. 22). 

4. Indirect Tree Mortality. Indirect mortality related to budworm feeding occurs 

in two situations: a) when defoliation stress predisposes trees to be killed by bark 

beetles, drought, and other causes; and b) when trees that were stressed before 

defoliation began – such as Douglas-firs infected with dwarf mistletoe or any 

host tree weakened by suppression or drought – died as a result of additional 

stress caused by budworm defoliation. 

5. Reduced Tree Growth. Growth reductions occur after a tree loses enough foli-

age to inhibit photosynthesis, the biochemical process trees use to fix carbon and 

produce wood fiber. Growth increment usually starts declining during the year 

that budworm feeding begins, and is progressively reduced with each additional 

year of defoliation. After an outbreak collapses, defoliated trees require several 

years to replace their missing foliage. During this recovery period, growth incre-

ment slowly recovers to its pre-outbreak level. 

6. Reduced Wood Volume Production, and Persistent Tree Damage. Wood 

production declines as defoliated trees experience reduced diameter and height 

growth. Forks, crook, sweep, and other stem deformities (indicators of previous 

stem wounds) occur after topkilling causes lateral branches to turn upward and 

attempt to gain dominance as a tree’s new top (fig. 23). 

When Powell (1994) analyzed a recent budworm outbreak for the Blue Moun-

tains, he found that the area of budworm-caused defoliation was about three times 

greater at the height of the 1980-92 outbreak than at a comparable point in the pre-

vious outbreak (1944-58). Increases in budworm habitat (e.g., mixed-conifer forest) 

over time were believed to be an important reason for the increase in area defoliated 

by western spruce budworm (figs. 18 and 19). 

Between 1936 and 1980, the area of mixed-conifer forest (budworm host habitat) 

more than doubled for the central and southern Blue Mountains, with a correspond-

ing decline in the acreage of ponderosa pine forest (non-host habitat) (fig. 24). Also, 

budworm host habitat became more susceptible over time because on average, each 

acre of mixed-conifer forest supported a higher density of host trees in 1989 than it 

did in 1968, particularly for grand fir (Powell 1994). 
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Figure 19 – Distribution of western spruce budworm impact for two recent 

outbreaks on the Umatilla National Forest in the northern Blue Mountains 

(this information was derived from aerial survey ‘sketch maps’ completed an-

nually in the Pacific Northwest Region of the US Forest Service since 1947). 

Note that the most recent outbreak (1980-92) covered more area than the ear-

lier outbreak, and that budworm is so ubiquitous that very little of the 1.4 

million acre Umatilla National Forest was unaffected during either of the 

outbreaks (and also note that the 1944-58 outbreak was more extensive than 

is suggested by this map because the transparency settings (in GIS) for the 

1980-92 outbreak do not allow as much of the 1944-58 outbreak to ‘show 

through’ the 1980-92 outbreak as was anticipated). 

Reacting To Spruce Budworm Defoliation  

Managing budworm populations typically involves four approaches, used inde-

pendently or in concert. The four approaches are described below: 

1. Taking no direct action; letting the outbreak run its natural course (this is the 

no-action approach). 

2. Suppressing budworm populations by applying an insecticide (this is the direct 

suppression approach). 

3. Reducing budworm impacts by improving tree and stand vigor (this is the stand 

vigor approach). 

4. Avoiding budworm impacts by modifying the insect’s habitat to remove or reduce 

the amount of host type (this is the avoidance approach). 
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Figure 20 – When budworm defoliation persists near the top of a host 

tree’s crown, topkill is often the result. Many of the small Douglas-firs 

shown here have dead tops caused by budworm defoliation. As bud-

worm larvae feed in the upper part of a tree, they also destroy most of 

the developing cones, reducing seed production and natural regenera-

tion capacity. Dead tops with a basal diameter of three inches or more 

are likely to result in stem decay (Ferrell and Scharpf 1982). Topkill is 

also responsible for stem deformity (fork, crook, and sweep) affecting a 

tree’s merchantable (usable) volume for lumber-type wood products 

(see fig. 23). In addition to topkill, defoliation caused by herbivorous 

insects can cause significant and sustained tree-growth reductions and 

ultimately tree mortality (fig. 21); mortality tends to be a function of 

both the magnitude and persistence of defoliation. 
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Figure 21 – Numerous studies demonstrate that western spruce budworm is 

a symptom rather than the problem (from Powell 1994). When this herbivo-

rous insect causes tree mortality, as shown here from Starr Ridge in the cen-

tral Blue Mountains (Malheur National Forest), the underlying cause can 

almost always be traced to an uncharacteristic species composition and struc-

ture – a common situation influencing defoliating insects throughout the 

western United States (Anderson et al. 1987, Hadley and Veblen 1993, Mon-

nig and Byler 1992, Sampson and Adams 1994, Shepherd 1994, Sloan 1998, 

Wickman 1992, Williams et al. 1980). “In the late 1970s, much of the old-

growth ponderosa pine in this area was removed by using helicopters. The re-

sidual stands were comprised mostly of Douglas-firs, many of which were in-

fected with dwarf mistletoe. Note that budworm did not provide a uniform, 

evenly-distributed thinning – trees were often killed in groups” (Powell 1994). 

Gray trees reflect older mortality caused by either budworm or Douglas-fir 

beetle; most of the red-topped trees (recent mortality) were killed by Douglas-

fir beetle responding to tree stress caused by budworm defoliation or dwarf 

mistletoe parasitism. Although the 1980-92 budworm outbreak seemed espe-

cially severe as it was progressing, tree mortality did not ultimately occur 

across large areas, and much budworm host-type in the Blue Mountains now 

awaits the next outbreak. 

A no-action approach can be appropriate when budworm damage is not expected 

to affect accomplishment of management objectives for an area, such as attaining its 

desired future condition. Land managers have recently been considering a no-action 

approach more often than previously, especially as more information becomes avail-

able about the important roles that budworm and other insects play in the ecosys-

tem (see table 8 later in this section). 

But during the 1980-1992 outbreak in the Blue Mountains, many managers se-

lected the direct suppression option (see fig. 25 later in this section) because bud-

worm impact was more severe and extensive than they could accept. 
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Figure 22 – Budworm feeding ladder 

effect in multi-layer forests (from 

Powell 1994). In stands comprised of 

two or more canopy layers, budworm 

impacts are usually concentrated on 

the smaller trees (the lower canopy 

layers). Some budworm larvae dis-

perse from taller trees (the upper lay-

ers) and are intercepted by trees in 

the lower layers before reaching the 

forest floor, where they would have 

died from exposure or been preyed 

upon by carpenter and thatching 

ants, jumping spiders, carabid beet-

les, many bird species, small mam-

mals, and other natural enemies (ta-

ble 8 describes common budworm 

predators). The feeding-ladder effect 

tends to concentrate budworm impact 

(defoliation, topkilling, tree mortality) 

on the lower stand layers. This means 

that episodic defoliator outbreaks 

(both for budworm and tussock moth) 

may have served a similar and com-

plementary role to that of surface fire 

by keeping live-fuel accumulations 

low and delaying conflagration wild-

fires or stand-replacing defoliator 

outbreaks (Holling 1981, McCullough 

et al. 1998). Note that the budworm 

larva is much enlarged to enhance 

comprehension. 

During the 1944-58 budworm outbreak in the Blue Mountains, almost 4.7 million 

acres were sprayed (some acres more than once) with an insecticide called DDT 

(Dolph 1980) (fig. 25). DDT became popular after two early successes – it was used 

to control Douglas-fir tussock moth in northern Idaho (Carlson et al. 1983) and the 

northern Blue Mountains (Wickman et al. 1973) in 1947, and it was used for exper-

imental suppression of spruce budworm populations on a portion of the Heppner 

Ranger District and adjacent industrial lands (Kinzua) in 1948 (Eaton et al. 1949). 

DDT, a powerful chemical applied in a fuel oil diluent, affected many organisms 

besides budworm (Hunter 1990). Although DDT was commonly used during the 

1944-58 outbreak (fig. 25), land managers eventually realized that direct suppres-

sion provided little long-term benefit because it failed to address the fundamental 

issue – host-type habitat for western spruce budworm and Douglas-fir tussock moth 

proliferated throughout the western United States (Carolin and Coulter 1971, Fellin 

1983, Williams et al. 1980). Because of its environmental persistence and the broad 

spectrum of organisms affected by it, DDT was banned for all uses in 1972. 
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Figure 23 – After budworm populations collapse and defoliation ceas-

es, there are still long-term implications from an outbreak (from Pow-

ell 1994). One frequent consequence of budworm-induced topkill is 

stem deformity, such as the large, deep fork in this Douglas-fir. This 

tree was tallied during the 1980-92 outbreak, and the deep fork was 

probably a result of the previous outbreak in 1944-58. Research found 

that stem deformities (forks, crooks, sweeps, etc.) seldom result in vol-

ume losses exceeding 5% (Ferrell and Scharpf 1982), although it would 

certainly be higher for a fork like this one. Not only are host trees with 

large topkills more susceptible to stem deformity, but they also have 

higher risk of stem decay (Filip and Schmitt 1990). These deformities 

demonstrate that host trees and budworm can coexist for long time pe-

riods; overstory Douglas-firs have survived seven outbreaks spanning 

three centuries (Campbell et al. 2005). 
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Figure 24 – Change in forest cover types for the Malheur National Forest, 

1937-80 (from Powell 1994). Ponderosa pine forest declined by more than half 

between 1937 and 1980, the mixed-conifer type increased by an equivalent 

amount during this period, and the lodgepole pine type remained relatively 

constant. This figure shows that mixed-conifer forest – prime habitat for defo-

liating insects – increased by 195% between 1937 and 1980. The increase in 

mixed-conifer forest was an important reason for the unprecedented magni-

tude of a Blue Mountains budworm outbreak between 1980 and 1992. 

During the 1980-92 budworm outbreak in the Blue Mountains, many direct sup-

pression projects were also completed. These projects involved applying a chemical 

or biological insecticide, on areas of varying size, with an objective of suppressing 

budworm populations to non-damaging levels for the remainder of the outbreak 

(Powell 1994, Torgersen et al. 1995). A chemical called carbaryl was applied for most 

general-forest situations, whereas another chemical called mexacarbate was used 

near streams and for sensitive environmental settings. Beginning with an experi-

mental application in 1983, the insecticide used for all subsequent projects was a 

natural bacterium called Bacillus thuringiensis (B.t.). B.t. was always mixed with 

water, rather than the diesel oil diluent used with carbaryl (Sevin©). 

By the mid 1980s, B.t. was the insecticide of choice because of its low risk to the 

environment and human health. Unlike DDT and similar broad-spectrum insecti-

cides, B.t. directly affects a narrow range of organisms – only butterflies and moths 

in the Lepidoptera insect order are killed. B.t. is similar to the toxins contained in 

some spider and snake venoms in that it is cytolytic – after ingestion, it causes cells 

in the guts of susceptible insects to rupture and disintegrate (Ware 1989). 
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Figure 25 – Trailing plumes of insecticide, an airplane applies DDT and die-

sel oil diluent to moist-forest stands being defoliated by western spruce bud-

worm in the northern Blue Mountains in June of 1951 (from Powell 1994). 

The direct suppression approach (applying DDT from fixed-wing aircraft) was 

used four times on the Umatilla National Forest during the 1944-58 spruce 

budworm outbreak (and it was also used in other years, and on the other two 

national forests, during the 1944-58 outbreak). 

During the 1980-92 budworm outbreak, more benign chemical insecti-

cides (when compared with DDT) came into widespread use, and eventually a 

narrow-spectrum biological insecticide (B.t.) was adopted for all direct-sup-

pression situations. Widespread adoption of the direct suppression tactic was 

eventually abandoned after land managers recognized it did not address the 

underlying cause of budworm outbreaks (Torgersen et al. 1995) – host-type 

habitat for defoliating insects proliferated throughout much of the western 

United States (Carolin and Coulter 1971, Fellin 1983, Torgersen et al. 1995, 

Williams et al. 1980). 

A switch to B.t. did not occur because the previous insecticides (carbaryl, 

acephate, and mexacarbate) were banned, as was the case when DDT was aban-

doned in the early 1970s – it reflected an increasing awareness that chemical insec-

ticides may have had adverse environmental consequences. By using B.t., land man-

agers could maintain more of the pretreatment arthropod diversity (jumping spiders, 

birds, thatch ants, etc.; see table 8) than was possible with carbaryl, acephate, or 

mexacarbate. 

For a variety of reasons, the “suppressing budworm populations to non-damaging 

levels for the remainder of the outbreak” objective was not achieved by using the di-

rect-suppression approach (e.g., spraying insecticide) (Torgersen et al. 1995). One 

possible reason is that insecticides were not applied to all of the area with visible 

defoliation, so that budworms in untreated areas could reinvade the treated units. 

Another reason is that an insecticide application does not eradicate budworm or its 



 67 

impacts – it typically suppresses budworm populations and associated tree impact 

for a period of two or three years at best. 

Direct control methods – spraying a chemical or bacterial insecticide onto host-

tree foliage – can be effective but short-term solutions to insect herbivory (Torgersen 

et al. 1995). But the direct-control methods don’t deal with the most important un-

derlying issue: much of the dry and moist mixed-conifer forest types in the Blue 

Mountains have high levels of tree and stand susceptibility to defoliating insects 

(Powell 1994, Wickman 1992). If stands and forests are highly susceptible, only a 

relatively small proportion of a defoliator’s population must survive from one gener-

ation to the next to allow expansion from endemic to outbreak levels, particularly in 

conjunction with favorable weather conditions. 

Budworm Susceptibil ity  Considerations  

Certain weather conditions have also been observed to favor spruce budworm 

population increases, particularly on a year-to-year basis within a longer outbreak 

cycle. Research in central British Columbia suggests that the combination of an ear-

ly spring season following a winter with low precipitation amounts and then normal 

spring air temperatures fosters successful budworm emergence, while potentially 

compromising the host trees’ cabability to defend against budworm feeding (Camp-

bell et al. 2005). 

It is interesting that drought also affects moist-forest susceptibility to defoliating 

insects – foliage quality in drought-stressed trees is more favorable to budworm de-

velopment, and it also tends to promote insect survival (Parks 1993, Mattson and 

Haack 1987). Note that drought in this context is related to both causes described 

above: a lack of precipitation (climatic drought), or reduced soil moisture caused by 

high levels of intertree competition (physiological drought). Stressed trees in dense 

stands, where they experience density-dependent, intertree mortality caused by self-

thinning, or in stands on poor sites (warm and dry), produce foliage that is chemical-

ly better suited to budworm development (Carlson et al. 1985, Cates et al. 1983). 

Other studies have noted a correlation between abiotic (physiographic) factors 

and budworm susceptibility – “other analysis indicated that WB [western budworm] 

defoliations are heavier in host stands in the seral stage of succession, in stands on 

southwesterly aspects, on ridgetops and upper slopes, on grand fir and subalpine fir 

habitat types, and in WB host-dominated stands. True fir species sustained heavier 

defoliation than Douglas-fir or spruce” (Stoszek and Mika 1984, p. 147). In addition, 

mature forest stands have been observed to sustain substantially higher budworm-

caused tree mortality than immature stands (MacLean 1980). 

Differences in the nutritional quality of Douglas-fir foliage explains why some 

individual trees are more resistant or susceptible than others to budworm. Suscepti-

ble trees had lower levels of nitrogen and sugars than resistant trees. Susceptible 

trees had a greater proportion of total terpenes that were monoterpenes, while re-

sistant trees had a greater percentage of oxygenated monoterpenes. Bud burst and 
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shoot expansion were delayed for resistant trees versus susceptible trees; resistant 

trees also accumulated more radial growth over the past 25 years, implying higher 

vigor levels than susceptible trees (Chen et al. 2001, 2002; Clancy et al. 1993). 

Additional Information 

Note that dozens of literature references about western spruce budworm and its 

disturbance ecology are provided in the References section of this white paper. Syn-

thesis reports about western spruce budworm and possible management responses 

to its impact (defoliation, topkilling, mortality) are provided by Brookes et al. (1985, 

1987), and an insect and disease leaflet (Fellin and Dewey 1982). Gast et al. (1991) 

and Powell (1994) describe tree and stand effects for the 1980-1992 spruce budworm 

outbreak in the Blue Mountains; Powell (1994) provides detailed information about 

budworm-caused impact on the Malheur National Forest in the central and southern 

Blue Mountains. British Columbia’s Defoliator Management Guidebook (British Co-

lumbia Ministry of Forests 1995c) is also a useful spruce budworm reference. 

5.3 Douglas-fir Tussock Moth 

Douglas-fir Tussock Moth (Orgyia pseudotsugata) 

 TREE SPECIES AFFECTED: Douglas-fir and grand fir. 

 DAMAGE CAUSED: Severe top-killing; reduced radial growth; tree mortality. 

 IMPACTS AND EFFECTS: Cyclic – populations increase about every 9-11 years, building 

quickly over 2-4 years to outbreak levels, and then disappearing. Recorded outbreaks oc-

curred in 1928-29 (near Seneca, OR), 1937-39 (80,000 acres near Rudio Mountain north 

of Dayville, OR), 1947-48 (1,500 acres near Snow Mountain and Gold Hill in the southern 

Blue Mountains), 1963-65 (almost 65,000 acres near Antelope Mountain and King Moun-

tain in the southern Blue Mountains), 1972-74 (almost a million acres in the northern 

Blue Mountains), and 1999-2004 (more than 75,000 acres on the Umatilla NF, including 

the Indian Creek and Bologna Basin areas at Heppner RD; see fig. 27). 

 CONTROL MEASURES: Spray with insecticides; favor non-host species and mosaics of host 

and non-host stands; stocking-level control, particularly for dryer sites. Portions of the 

1963-65 and 1972-74 outbreaks were suppressed using DDT, a chemical insecticide. 

 FOREST INSECT AND DISEASE LEAFLET: No. 86 (Wickman et al. 1981). 

Douglas-fir tussock moth is a native insect of the Blue Mountains; it was not in-

troduced from elsewhere like larch casebearer, white pine blister rust, or balsam 

woolly adelgid. Tussock moth defoliates host trees from the top down, killing trees 

outright or setting them up for future attack by bark beetles such as Douglas-fir bee-

tle or fir engraver. The northern Blue Mountains have experienced at least three 

tussock moth outbreaks during the last 70 years (fig. 26). 

Douglas-fir tussock moth is an important defoliator of Douglas-fir, grand fir, and 

white fir in western North America. Infestations of tussock moth are typically short-

term events, with populations building quickly and collapsing over a period of three 

or four years (Wickman 1973). 
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Figure 26 – Tussock moth distribution for two recent outbreaks on the Uma-

tilla National Forest in the northern Blue Mountains (derived from aerial 

survey sketch maps completed annually in the Pacific Northwest Region of 

the US Forest Service since 1947). The 1970s tussock moth outbreak was the 

largest one ever recorded for North America (Brookes and Campbell 1978); it 

caused extensive impact on the northern half of the Umatilla National For-

est. A smaller outbreak is depicted from the late 1990s and early 2000s. This 

map does not include outbreaks from the mid 1940s (northern Blue Moun-

tains near Troy) or the mid 1960s (southern Blue Mountains near Burns). 

[Note: when comparing the tussock moth and budworm outbreaks (figs. 19 

and 26), the northern half of the Umatilla NF sustained less budworm dam-

age than the southern half (see fig. 19), but the opposite situation was true 

for tussock moth.] 

Tussock-moth larvae hatch soon after bud burst, and they can severely defoliate 

host trees within 10 to 12 weeks (Wickman et al. 1981). Such defoliation may cause 

tree mortality, but it more often results in temporary growth losses, top-killing, or 

increased susceptibility to bark beetles and other secondary insects or diseases 

(Kulman 1971). 

Tussock moth populations are cyclic, rising on average about every 9 years in the 

western U.S. Not every population peak results in an outbreak – in northeastern 

Oregon, it appears that an outbreak coincides with every second or third population 

peak. Outbreaks occurred somewhere in the Blue Mountains in 1928-29, 1937-39, 

1946-48, 1963-65, 1972-74, 1992-93, and 2000-01. 
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Dendrochronology studies found that tussock moth has been active in the Blues 

for as long as their mixed-conifer forest habitat has been available (note that den-

drochronology is the analysis of tree cores to infer climatic cycles, fire occurrence, 

insect outbreaks, and other natural events with a strong temporal signal). Dendro-

chronology analysis, for example, indicates that Douglas-fir tussock moth might 

have defoliated mixed-conifer stands in the Drumhill Ridge area (Walla Walla 

Ranger District) during 1843-45, 1852-54, and in 1875 (Wickman et al. 1994). 

Mid-1940s Tussock Moth Outbreak 

The Umatilla National Forest has maps and written records for two of the early 

Douglas-fir tussock moth outbreaks. The first one was discovered on August 20, 

1946 when a pine beetle survey crew was cruising a check plot near Troy, Oregon. 

After the survey crew reported the outbreak, an entomologist was dispatched from 

the Forest Insect Laboratory in Portland to examine the situation. 

When entomologist Walter J. Buckhorn visited the Troy area on September 18-

19, 1946, he found 10,000 to 12,000 acres of mixed-conifer forest had been defoliated 

by tussock moth, with complete tree mortality occurring on some 500 to 600 acres in 

patches ranging up to 50 acres. Local residents told him that 1946 was the second 

year of the outbreak. Heavy egg deposits indicated that tussock moth populations 

were still increasing, and that many trees would probably be killed in 1947. 

Buckhorn was particularly interested in the Troy infestation because it coincided 

with a much larger tussock moth outbreak in central Idaho and northeastern Wash-

ington. Extensive control operations were already being planned for the Washington 

and Idaho areas. He decided that the Troy area was close enough to the central Ida-

ho outbreak to coordinate a control program with one already planned there. 

Buckhorn and the Walla Walla District Ranger (Willis W. Ward) completed an 

aerial survey of the Troy outbreak on March 24 and 25, 1947 by using a Stinson 

Voyager airplane on loan from the Forest Service’s Division of Fire Control. On the 

first day, they flew about 1,000 to 1,800 feet above the tree tops and at a speed of 

110 miles per hour, which was deemed to be a little too fast for best results. 

As soon as the survey began, they realized it was going to be difficult to distin-

guish the undamaged tree tops of western larch, which looked gray because they had 

not yet leafed out, from the gray tops of grand firs and Douglas-firs defoliated by 

tussock moth. On the second day, Buckhorn decided to fly closer to the tree tops (on-

ly 200 feet above the canopy) in an attempt to separate western larch from the other 

species. But this strategy was also ineffective because the trees passed by too quick-

ly, and were too close at hand, to permit accurate species determinations. 

Buckhorn’s final sketch map showed that 56,065 acres were infested with tus-

sock moth at some level of severity, and that heavy defoliation occurred on 1,265 

acres, moderate defoliation on 23,890 acres, and light defoliation on the remainder 

(30,910 acres). Between June 24 and July 1 of 1947, 14,000 acres of the Troy tussock 
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moth outbreak were sprayed with insecticide. A C-47 airplane carrying 1,000 gallons 

of spray solution per trip was used for the project; it operated from the Moscow, Ida-

ho airport located about 65 miles from the Troy infestation (Buckhorn 1947). 

The spray was a solution of DDT in fuel oil applied at the rate of one pound of in-

secticide (DDT) in one gallon of diluent (fuel oil) per acre. The results were ‘phenom-

enal’ with practically 100 percent reduction in tussock moth numbers. But on un-

sprayed areas, a polyhedral virus disease appeared near the end of the feeding peri-

od and caused widespread mortality of tussock-moth larvae and pupae. On four 

small areas north and east of Troy, the virus in combination with natural predators 

virtually wiped out the tussock moth population, and no spraying was necessary. 

Later in the season, however, tussock moth developed to a greater extent than 

anticipated in certain untreated areas and caused extensive damage there; the same 

thing happened in another location about eight miles south of the project area near 

Promise, Oregon (Buckhorn 1947). 

Early-1970s Tussock Moth Outbreak  

The next broad-scale tussock moth outbreak affecting the northern Blue Moun-

tains occurred in the early 1970s. The first damage was noticed as 2,400 acres of de-

foliation in the Okanogan Valley of north-central Washington in 1971. In 1972, over 

197,000 acres were defoliated in Oregon and Washington. 

Perhaps some of the worst tussock moth damage occurred on the northern half of 

the Umatilla National Forest. By 1974, 44% of defoliated acreage in the outbreak 

area (including state, private, and other federal ownerships) was on the Forest – 

353,850 acres out of a total outbreak area of 800,000 acres! How did the Umatilla 

National Forest respond to the 1970s outbreak? The Forest Service acted quickly 

and decisively in response to tussock-moth damage, and the political aspects of this 

story are interesting. 

DDT, the powerful chemical insecticide used in the 1947 spray project near Troy 

and for experimental control of western spruce budworm populations on the Hep-

pner Ranger District and adjacent Kinzua Pine Mills lands (Eaton et al. 1949), was 

found to affect many organisms beyond insects that defoliate trees. Due to its envir-

onmental persistence and the broad spectrum of organisms affected by it, William 

Ruckelshaus, director of the Environmental Protection Agency, banned DDT on 

June 14, 1972. 

From the perspective of the 1970s tussock moth outbreak, the EPA’s ban couldn’t 

have come at a worse time. Banning DDT removed the most effective weapon 

against tussock moth during the first year of what would turn out to be the largest 

and most severe outbreak ever recorded. Following the DDT ban, the Forest Service 

immediately began testing other potential insecticides, including Zectran, carbaryl 

(Sevin), Pyrethroid, and Dylox, all of which were chemical compounds, and two bio-

logical control agents – Bacillus thuringiensis (a bacterium), and a natural nucleo-



 72 

polyhedrosis virus of tussock moth. After a Forest Service petition requesting emer-

gency use of DDT was denied by EPA in June 1973, 32,000 acres of the Walla Walla 

watershed was sprayed immediately with Zectran as a test project. 

On Thursday, August 16, 1973, when United States Senator Bob Packwood was 

reviewing tussock moth damage near La Grande, Oregon, a forest fire broke out 

near Perry and burned nearly 6,000 acres in a short period of time, including an ar-

ea damaged by tussock moth. This Rooster Peak fire directly threatened La Grande, 

burning several homes at its edge and coming within yards of others. Over 1,500 

people fought the Rooster Peak fire, and many of them were local residents of La 

Grande. The National Guard was mobilized to evacuate homeowners from foothill 

areas. Shortly after this fire event, an area-wide fire closure was implemented be-

cause of high fire danger from tussock moth damage and an on-going drought. 

Initially, Senator Bob Packwood had no official position regarding EPA’s ban on 

the use of DDT. Following the Rooster Peak fire, and after examining thousands of 

acres of tussock-moth damage from both the air and the ground, Senator Packwood 

eventually expressed this opinion regarding the DDT ban: “But, now I’m convinced 

their decision was wrong” (referring to EPA’s decision not to authorize use of DDT 

for tussock moth control). 

Following Packwood’s visit and the Rooster Peak fire, petitions began circulating 

in northeastern Oregon requesting that the EPA’s ban be lifted so DDT could be 

used against tussock moth. On August 31st of 1973, Secretary of Agriculture Earl 

Butz visited the Blue Mountains to view tussock moth damage firsthand. 

In January 1974, the EPA held hearings in Portland to consider possible DDT 

use against tussock moth. On January 30, 1974, the Tussock Moth Control Associa-

tion of La Grande, Oregon presented petitions containing 57,000 signatures to Vice 

President Gerald Ford; the petitions requested that DDT be allowed for emergency 

use against tussock moth. On February 26, 1974, EPA director Russell Train author-

ized emergency use of DDT against tussock moth only. 

After a Johnny Appleseed clean-up weekend in early June 1974, when 2,000 vol-

unteers performed clean-up work in tussock moth damaged areas, a tri-State DDT 

spray project began on June 9, 1974 on the Colville Indian Reservation. By June 22, 

DDT spraying was underway in the Blue Mountains, eventually concluding on July 

25, 1974. A total of 426,559 acres were sprayed in 1974 to reduce tussock moth popu-

lations, including 32,706 acres on the Umatilla and 72,717 acres on the Wallowa-

Whitman national forests (Graham et al. 1975). 

Although applying an insecticide was the primary Forest Service response to 

tussock moth defoliation, salvage sales to harvest damaged and dead timber were 

also completed. The first Umatilla National Forest salvage sale was sold on Novem-

ber 28, 1972. The last of 40 tussock-moth salvage sales was awarded on September 

3, 1974. Many old harvest units in places like Ruckel Ridge, Phillips Creek, and up-

per Tiger Canyon date from the tussock-moth salvage program of the early 1970s. 
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The following notes, which were prepared by Paul Bouchard (retired forester), 

describe how the Pendleton Ranger District responded to the tussock moth outbreak 

(the Pendleton Ranger District, later consolidated into the Walla Walla Ranger Dis-

trict, had more impact from tussock moth than other areas on the Umatilla National 

Forest). 

“The 1973 aerial sketch map showing tussock moth defoliation became the planning 

map for the salvage timber harvest program. The heavy infestation and damage are-

as were used to rough out potential timber sale area boundaries. By estimating the 

potential treatment area and timber volume by damage classes, a rough estimate of 

total sale acreage and salvage volume was then available for program management 

purposes (personnel, supplies, funding needs, etc.). 

It was estimated that the tussock moth salvage program could involve as much as 

210 million board feet of timber volume from a gross analysis-area acreage of 66,000 

acres, of which 38,000 was forested. All of the potential treatment areas were recon-

noitered from the air and sale area boundaries then established on 4-inch-to-the-mile 

aerial photographs enlarged from a 1970 high-altitude reconnaissance flight. Areas 

more than 800 feet below the ridgelines and areas with small-diameter, dead white 

fir (usually in the headwaters of intermittent drainages) were eliminated from timber 

sale consideration. 

Three potential silvicultural treatments were mapped from the aerial reconnais-

sance: clearcutting (completely dead areas); shelterwood cutting (mostly dead areas); 

and partial cutting (areas with intermixed mortality). Nearly pure inclusions of non-

host tree species and light damage of host species were also mapped. Due to time and 

personnel limitations, a very extensive and limited ground check and plot cruise was 

made (plot locations were noted on aerial photographs). The cruise amounted to 

about a 2/10 of 1% sample. 

By correlating plot data with experienced estimates, a salvage timber harvest pro-

gram was developed for 128 million board feet covering 55,000 gross acres and 23,000 

net acres. Approximately 137 million board feet was cut and removed under 13 tim-

ber sale contracts (105% of the appraised amount).” 

Another Forest Service reaction to the early-1970s tussock-moth outbreak was to 

develop an early-warning system utilizing pheromone traps to monitor tussock moth 

population levels (pheromones are biochemicals whose odor attracts particular in-

sects). This early-warning system was implemented West-wide in 1980 as one way to 

help predict tussock moth outbreaks, and it is still in use today. 

Late-1990s Tussock Moth Outbreak  

Since tussock moth develops rapidly, the early-warning system was designed to 

predict population increases with enough lead-time to implement a treatment pro-

gram before serious tree damage could occur. Beginning in 1998, this early-warning 

system indicated that the northern Blue Mountains were facing another tussock-

moth outbreak. 
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An outbreak actually began in the spring of 2000, and 39,392 acres on the Uma-

tilla and Wallowa-Whitman national forests were sprayed with TM-BioControl, a 

natural virus affecting tussock moth only, during June and July of 2000. The objec-

tive of this spray project was to minimize tussock-moth damage in specific areas of 

high concern, such as old-growth stands and bull-trout habitat. A few areas that 

weren’t sprayed sustained high levels of defoliation and tree mortality (fig. 27). 

Now that federal lands are no longer managed for high levels of commodity out-

puts, there is less economic justification for large, widespread spray programs like 

those of the 1950s and the 1980s (see fig. 25). 

 

Figure 27 – Effects of Douglas-fir tus-

sock moth defoliation as it existed in the 

Indian Creek and Bologna Basin areas 

of the Heppner Ranger District around 

2000. The late 1990s and early 2000s 

tussock moth outbreak was not as wide-

spread as the early 1970s outbreak, but 

it did affect localized areas of moist for-

est on both the north and south ends of 

the Umatilla National Forest, such as 

this area in the southwestern portion of 

the Forest. 

Additional Information 

Note that dozens of literature references about Douglas-fir tussock moth and its 

disturbance ecology are provided in the References section of this white paper. Syn-

thesis reports about tussock moth, and possible management responses to its impact 

(defoliation, topkilling, tree mortality), are provided by Brookes et al. (1978) and an 

insect and disease leaflet (Wickman et al. 1981). Gast et al. (1991) provide a com-

prehensive discussion about tussock moth outbreaks, and resulting impacts, for the 

Blue Mountains. British Columbia’s Defoliator Management Guidebook (British Co-

lumbia Ministry of Forests 1995c) is also a useful tussock moth reference. 
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5.4 Ecological Role Of Defoliating Insect s 
Defoliators and other landscape-scale insects often respond to increased land-

scape homogeneity. For western Montana, Anderson et al. (1987) found that 90 

years of reduced fire frequency allowed extensive areas with high budworm suscep-

tibility to develop. Timber harvest preferentially removed non-host tree species (e.g., 

ponderosa pine and larch), serving to aggravate the problem (see fig. 21 and 24). 

Anderson et al. (1987) concluded that after selective tree harvests and reduced 

fire frequency caused changes in forest structure and composition at a landscape 

scale, spruce budworm outbreaks increased in both duration and intensity, but not 

in frequency. Bruce McCune (1983) came to a similar conclusion after examining 

western spruce budworm trends for the Bitterroot Range in western Montana. He 

suggested that recent increases in outbreak intensity were linked to fire suppression 

and its impact on conifer species composition. 

Baskerville (1975) characterized spruce budworm as a ‘super silviculturist’ and 

did not view periodic budworm outbreaks as a sign of ecological instability. When 

budworm defoliation events were evaluated on a time scale appropriate to their 

function – at least 50 to 100 years – then outbreaks could be viewed as one factor 

contributing to ecological stability at a landscape scale.  

Baskerville (1975) believed that to some extent, the direct suppression strategy 

as a management policy had been counterproductive: by spraying large areas of ma-

ture host type that was not being immediately harvested, managers were perpetuat-

ing an ideal food supply for the next budworm outbreak. He noted that the forest 

cannot be managed by harvesting small ‘bites’ because this practice maintained 

broad-scale conditions conducive to an outbreak. The longer that susceptible forest 

was protected in excess of what could be harvested, the longer that high-risk area 

was being exposed to a future outbreak. 

Although Baskerville’s (1975) stability perspective may be useful for areas unaf-

fected by human activity, recent trends toward increasing budworm impact and hab-

itat (host type) at a broad scale (Williams et al. 1980), as depicted in figures 19 and 

24, suggest we shouldn’t pretend we’re dealing with a natural situation now. [Range 

of variation analyses for species composition, forest structure, and stand density fre-

quently demonstrate that existing conditions provide more high-quality budworm 

habitat than was associated with reference (historical) conditions.] 

Defoliating insects can influence nutrient cycling and site productivity. A study 

conducted near Mammoth Lakes, California found that radial growth of trees defoli-

ated by Douglas-fir tussock moth (DFTM) was significantly greater than that of non-

defoliated trees, even 40 years after the outbreak had subsided (Wickman 1980). It 

is hypothesized that the enhanced tree growth was related to increased nutrient cy-

cling from insect frass (excrement) and litter fall, in combination with a thinning ef-

fect (e.g., selective tree mortality) caused by DFTM defoliation (Wickman 1990). 
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In the long run, defoliated forests may produce as much or more tree growth 

than if insect defoliation had not occurred, in part due to compensatory growth rate 

increases such as those described by Wickman (1980) following a DFTM outbreak in 

California (Mattson and Addy 1975, Schowalter and Withgott 2001, Stuart et al. 

1989). These studies suggest that insect outbreaks may not be detrimental in the 

long term, and they could in fact be useful for maintaining ecosystem integrity by 

functioning as ‘normative outbreaks’ (Mattson 1996). 

These results agree with many other studies examining forest response to in-

sects. Native insects work to thin trees, control crowding, reduce stress, and lessen 

competition for water and nutrients. Moderate levels of insect herbivory (foliage 

feeding removing as much as 40 to 50 percent of the canopy) may even be healthy for 

trees and forests, resulting in little or no difference in plant growth or survival (At-

tiwill 1994). And depending on the ratio of host to non-host species, it has been 

found that maintaining high levels of tree species diversity will reduce herbivory 

impact by forest insects (Jactel and Brockerhoff 2007). 

The research findings described above suggest that over the long run, thinning 

and similar silvicultural practices may be the most effective way to deal with defoli-

ating insects such as western spruce budworm. Research from Montana found that 

thinning improved budworm resistance by increasing stand vigor, increasing bud-

worm larval mortality during their dispersal period, and by reducing budworm-host 

species in mixed-conifer forests (Fauss and Pierce 1969). Thinning provided short-

term protection for treated stands, and would presumably contribute to long-term 

resistance once landscape-sized areas were treated (Carlson and Wulf 1989). 

Insects, pathogens, and wildfires are important disturbance processes, and they 

also play a vital role in ecosystem function (fig. 28; Attiwill 1994, Castello et al. 

1995, Franklin et al. 1987, Harvey 1994, Hunter 1990, Mattson and Addy 1975, 

Schowalter and Withgott 2001, Thomas 1979, Wickman 1992). “Moderate levels of 

insect and pathogen activity may reduce the risk of catastrophic fire by thinning 

stands and preventing excessive fuel buildups; insects and pathogens may also pro-

mote forest health by gradually culling weakened trees” (White et al. 1999). 

Disturbance processes create dead or dying trees, which in turn affect plant suc-

cession and the diversity of animal communities in an area (Oliver et al. 1997). Lo-

calized outbreaks of defoliating insects can provide important ecosystem services 

such as creating snags (Quigley et al. 2001) or dead-top live trees used as maternity 

roost sites by big brown bats (Rancourt et al. 2007). It is important to recognize that 

living systems develop and evolve. Understanding these systems requires a shift in 

focus from structure to process, including evolution, renewal, and change. 
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Figure 28 – Insects and 

pathogens are important 

components of biodiversity 

(line drawing from Doliner 

and Borden 1984). Forests 

support an amazing diversi-

ty of life, ranging from soil 

microbes to large, long-lived, 

woody plants. Insects and 

pathogens are an important 

component of this diversity. 

Not only do they contribute 

to nutrient cycling, produc-

tivity, and other ecosystem 

services, but they also create 

wildlife habitat (dead trees, 

and cavities in living trees), 

and insects and fungi are a 

food source for many wildlife 

species (Hunter 1990, Scho-

walter and Withgott 2001). 

Dead wood provides habitat for a variety of wildlife species (Bull et al. 1997) and 

is a key factor influencing the species diversity of an area (Franklin and Forman 

1987). In the Blue Mountains, standing dead trees (snags) are used for nesting or 

shelter by 39 bird and 23 mammal species; coarse woody debris (CWD; downed 

wood) is used by at least 179 wildlife species for cover, foraging, or reproduction 

(Thomas 1979). Some familiar animal users of CWD include woodpeckers, owls, sal-

amanders, voles, and mice. Factors affecting vertebrate use of CWD include its hori-

zontal or vertical orientation, size, decay class, the tree species it was derived from, 

and its overall abundance (Bull et al. 1997, Thomas 1979). 

Natural Enemies Of Defoliating Insects  

Go to the ant, thou sluggard; consider her ways, and be wise.  

Biblical King Solomon 

Study the insects and learn of their ways.  

F.P. Keen, Influence of insects on ponderosa pine silviculture (1950)  

Defoliators, and populations of other insects as well, are typically constrained to 

relatively low ‘endemic’ levels by the activity of birds, ants, viruses, and similar bio-

logical agents (Campbell et al. 1983, Fellin 1980, Langelier and Garton 1986, Mason 

1992, Takekawa and Garton 1984, Torgersen et al. 1990). These agents are often re-

ferred to as ‘natural enemies’ in a pest management context (Berryman 1982). 
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Land managers may be able to influence the intensity, duration, or extent of fu-

ture defoliator outbreaks by how they affect the natural enemies of defoliating in-

sects (fig. 29, table 8). Ants, birds, yellowjackets, and other defoliator predators can 

be affected by prescribed fire, silvicultural treatments, insecticide applications, tim-

ber harvest activities, and other land management practices (Powell 1994). 

At least 26 birds have been documented as budworm predators, but it’s likely 

more species than that play such a role. Mountain chickadees and red-breasted nut-

hatches are very important predators in the Blue Mountains. Budworm-feeding 

birds can be promoted by using the following practices (Langelier and Garton 1986): 

 Provide stands with horizontal and vertical diversity. 

 Avoid large clearcuts. 

 Provide edges. 

 Avoid high-grading timber harvest. 

 Avoid homogeneous, plantation-like stands. 

 Leave some slash. 

 Reduce herbicide use. 

 Control livestock grazing. 

 Provide habitat for cavity-nesting birds. 

 Provide salt. 

 Provide water. 

Managers can also affect bird populations by how they handle insects or patho-

gens other than budworm. For example, a study found bird diversity and abundance 

to be greater in forests infected with dwarf mistletoes. In fact, the number of bird 

species increased as the dwarf mistletoe infection level increased. The study also 

found that dwarf mistletoe was not being used as food – its berries are small and 

hard – but the witches’ brooms provided nesting and roosting sites, and served as 

habitat for butterflies, moths, and other insects that birds feed on (Mlot 1991). 

Ants and ground-dwelling spiders can be affected by site preparation activities, 

fuel or residue treatments, insecticide applications, and timber harvest practices 

(fig. 30). Retaining down woody material, particularly large logs and standing dead 

trees (snags), is important for sustaining carpenter ants and other forest-floor inver-

tebrates. Recent recommendations for retention of logs and snags (Bull et al. 1997) 

for pileated woodpeckers and other vertebrates, long-term site productivity, fungi 

and bryophytes, nutrient cycling, and for other purposes, would probably be ade-

quate to meet many of the needs of ants and forest-floor spiders. 

During timber harvest and other activities involving heavy equipment, thatch-

ant nests should be avoided if possible. Even if thatch ants are not protected in 

recognition of their intrinsic value to the ecosystem, the nests should be avoided be-

cause thatch ants are important predators of spruce budworm larvae (fig. 30). 
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Figure 29 – Interactions between tree harvest, pileated woodpeckers, car-

penter ants, Vaux’s swifts, and western spruce budworm (drawing by Susan 

Lindstedt, and taken from Bull et al. 1995). There are intricate and subtle in-

teractions between dead wood, hollow trees, carpenter ants, pileated wood-

peckers, Vaux’s swifts, and western spruce budworm. Moist forests that pro-

vide standing and down dead wood, in appropriate amounts when balancing 

fuels, wildlife, and forest health considerations, have been found to experi-

ence less budworm damage because they provide habitat for ants and many 

of budworm’s natural enemies (Bull et al. 1995, Torgersen and Bull 1995). 

Murphy and Croft (1990) examined the effect of applying a chemical insecticide 

(carbaryl) for spruce budworm population suppression on the foraging behavior and 

species diversity of ants. After spraying, ant species diversity declined in treated 

plots. Post-spray ant foraging decreased in all plots, including the untreated con-

trols, but the decrease was more rapid and pronounced in treated plots. 

Ants that are arboreal foragers, nearly all of which are also budworm predators, 

showed a significantly lower foraging rate in the budworm-treated areas. It was con-

cluded that reduced ant predation on the sparse budworm populations present after 

spraying may have contributed to a budworm resurgence in the treated area (Mur-

phy and Croft 1990). 
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Table 8: Common predators of defoliating insects (adapted from Powell 1994). 

 

Birds are important budworm predators. At least 26 

birds have been documented as budworm predators 

(Garton 1987), but more species than that may play 

such a role. The ruby-crowned kinglet, shown here 

feeding on a budworm larva, and mountain chicka-

dees and red-breasted nuthatches are particularly 

important budworm predators. Many of these avian 

budworm predators require dead wood (standing 

snags or tall stumps) in which to nest. 

 

Ants are important predators of budworm. Thatch 

ants (shown here) and carpenter ants are effective at 

preying on budworm larvae that fall to the forest 

floor (Finnegan 1971). Some ants are arboreal forag-

ers; they can be very important by feeding on bud-

worm larvae that fall onto seedling- and sapling-size 

host trees (Murphy and Croft 1990). 

 

Spiders outnumber all other arthropods on the foli-

age of interior Douglas-fir and true firs. In the Blue 

Mountains, hunting spiders are much more plentiful 

than the web spinners (Mason 1992), although both 

types prey on budworm. An especially effective bud-

worm predator is the jumping spider shown here. 

Note that “spiders are the primary invertebrate 

predator of the eastern spruce budworm, a close rela-

tive of the western spruce budworm” (Perry 1988). 

 

Beetles and the true bugs (stink bugs, etc.) are just 

two examples of insect groups that feed on budworm 

larvae that fall to the forest floor. Little information 

is available about the importance of these insects as 

budworm predators. A carabid beetle feeding on a 

budworm larva is shown here. 

 

Many species of wasps and flies are known to parasi-

tize insect larvae. Parasitic insects find budworm 

larvae, pupae, or eggs, where they then lay their own 

eggs. After their eggs hatch, the developing parasite 

feeds on the budworm host, eventually killing it. The 

wasp shown here is a common Blue Mountain species 

(Hyposoter masoni Torgersen). Note that successful 

control of larch casebearer has largely been achieved 

by introduction of parasitic wasps (Torgersen 2001). 
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Figure 30 – Large thatch ant nest on a moist-forest site (from Powell 

1994). Ants, spiders, and other forest-dwelling arthropods (table 8) 

can be affected by timber harvest, site preparation activities, fuel or 

residue treatments, insecticide applications, and other management 

practices (Campbell et al. 1983, Fellin 1980, Mason 1992, Murphy 

and Croft 1990, Torgersen et al. 1990). During timber harvest opera-

tions and other activities involving mechanized equipment, thatch-

ant nests should be avoided because ants are important predators of 

defoliating-insect larvae (photo courtesy of Torolf Torgersen). And 

perhaps not unsurprisingly, these nests also function as hotspots for 

nutrient cycling because the ants’ shredding action of organic nest 

materials aids decomposition processes and nutrient release. Note 

that Bull et al. (1995) provide an interesting case study about active 

management of an old-growth, moist-forest stand in the Blue Moun-

tains, and its effect on birds, ants, and large woody debris. Bull et al. 

(1997) also provide guidelines about sustaining trees and logs (both 

standing and down) for wildlife, and wildlife in their context also in-

cludes invertebrates such as ants. Also, recent research noted in-

creased bat activity in areas affected by silvicultural treatments, and 

this may translate into increased foraging on Lepidoptera (like bud-

worm), an important component of their prey base (Dodd et al. 2012). 
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Management interest in maintaining or promoting habitat for birds, ants, spi-

ders, beetles, wasps, and other natural enemies of defoliating insects (table 8) is 

more prevalent now than historically because recent defoliator outbreaks operated 

differently than they did in the past (Gast et al. 1991, Wickman 1992). Previous out-

breaks tended to be small, widely scattered, and subsided quickly from natural 

causes (Torgersen 2001), but a substantial increase in defoliator habitat across the 

Blue Mountains (Powell 1994, Williams et al. 1980) suggests that this change will 

overwhelm the capacity of natural enemies to exert an influence on the severity, du-

ration, or spatial extent of future outbreaks. If the underlying cause of defoliator in-

tensification – increased habitat or host type – is not addressed in some fashion, 

then it would be unreasonable to expect that providing enhanced conditions for nat-

ural enemies could change the course of future outbreaks. 

5.5 Dwarf Mistletoes 

Douglas-fir Dwarf Mistletoe (Arceuthobium douglasii) 

 TREE SPECIES AFFECTED: Douglas-fir. 

 DAMAGE CAUSED: Top-killing; reduced growth; deformed stems; brooms; tree mortality. 

 IMPACTS AND EFFECTS: A severe parasite – one survey found that 42% of the Douglas-fir 

type on the east side of Region 6 is affected. Causes extensive mortality on poor sites. 

 CONTROL MEASURES: Regenerate mature stands; leave buffers between infected trees and 

uninfected seedlings; quickly remove infected trees from partial cuts; discourage thinning 

of infected stands because brooming is suppressed and infection is latent. 

 FOREST INSECT AND DISEASE LEAFLET: No. 54 (Hadfield et al. 2000). 

Larch Dwarf Mistletoe (Arceuthobium laricis) 

 TREE SPECIES AFFECTED: Western larch; lodgepole pine and subalpine fir (occasional). 

 DAMAGE CAUSED: Reduced growth and seed output; lumber defect; brooms; tree mortality. 

 IMPACTS AND EFFECTS: A serious larch enemy – one survey found 47% of host type in the 

Pacific Northwest is affected. Causes tree mortality quicker than other dwarf mistletoes. 

 CONTROL MEASURES: Same as below for lodgepole pine dwarf mistletoe (and as would be 

done for western dwarf mistletoe in ponderosa pine). 

 FOREST INSECT AND DISEASE LEAFLET: No. 169 (Beatty et al. 1997). 

Lodgepole Pine Dwarf Mistletoe (Arceuthobium americanum) 

 TREE SPECIES AFFECTED: Lodgepole pine; ponderosa pine (occasional). 

 DAMAGE CAUSED: Reduced vigor and growth; stem cankers; tree mortality. 

 IMPACTS AND EFFECTS: Severe – one survey found that 42% of host type in Pacific North-

west is infected. 

 CONTROL MEASURES: Clearcut mature stands; sanitize young stands by removing infected 

trees during thinning; promptly remove infected overstory trees from partial cuts. 

 FOREST INSECT AND DISEASE LEAFLET: No. 18 (Hawksworth and Dooling 1984). 

Dwarf mistletoes are parasitic seed plants widely distributed in coniferous for-

ests of the northern hemisphere, particularly in older, multi-storied stands (Hawks-

worth and Wiens 1996). Spreading most effectively from tall trees onto shorter trees, 

dwarf mistletoes withdraw water and nutrients from their hosts and can eventually 



 83 

kill them, especially when infections occur throughout the crown (fig. 31). In addi-

tion to directly parasitizing their hosts for resources, dwarf mistletoes induce ab-

normal growth patterns and typically cause dramatic changes in a tree’s allocation 

of water, photosynthate, and other growth-related resources. 

A western Montana study, for example, found that heavily infected western 

larches had reduced water potentials, but greater whole-tree water use, when com-

pared with uninfected trees. This result may have contributed to further depletion of 

limited soil water resources for mature infected stands late in the growing season 

(Sala et al. 2001). These findings might provide a clue for why larch dwarf mistletoe 

seems to cause higher levels of tree mortality in western larch than is observed for 

other combinations of tree species and dwarf mistletoe in the Blue Mountains. 

Dwarf mistletoes spread slowly in a stand, averaging only one to two feet per 

year, and their progress can be slowed or controlled altogether by removing infected 

trees, and then planting non-susceptible species (Quigley et al. 2001). Witches’ 

brooms, which are characteristic infection symptoms for a number of dwarf mistle-

toes (fig. 31), can function as crucial wildlife structure for several avian and mam-

mal species (Bull and Heater 2000, Hedwall and Mathiasen 2006). 

 

Figure 31 – Interior Douglas-fir infect-

ed with dwarf mistletoe (from Powell 

1994). This interior Douglas-fir has 

several areas with dense, bunched 

branches called ‘witches’ brooms’ 

caused by Douglas-fir dwarf mistletoe. 

A recent study found bird diversity and 

abundance to be greater in forests in-

fected with dwarf mistletoes (Mlot 

1991). The study showed that dwarf 

mistletoe was not being used as food – 

its berries are small and hard – but the 

witches brooms it caused provided 

nesting and roosting sites, and served 

as habitat for butterflies, moths, and 

some of the other insects that birds 

feed on. Since birds are important 

predators of defoliating insects such as 

western spruce budworm and Douglas-

fir tussock moth (table 8), it may not be 

prudent to remove all of the mistletoe-

infected trees for mixed-conifer forests 

with high defoliator susceptibility 

(Parks et al. 1999). When considering 

an appropriate level of dwarf mistletoe 

retention during project planning, land 

managers could consult range of varia-

tion information contained in Schmitt 

and Powell (2012). 
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Early descriptions of Blue Mountain forests often described effects of infection by 

dwarf mistletoes. Harold P. Gilkey noted in an annual silvical report for the Whit-

man National Forest that dwarf mistletoes were abundant throughout the western 

larch type, with saplings frequently infected by the time they were an inch in diame-

ter. He also noted that dwarf mistletoe infection levels varied by physiognomic type: 

79% of western larch was found to be infected in mixed stands on the dry slope type 

(western yellow pine), while only 27% of larch was infected on the moister north 

slope and transition sites (Gilkey 1912). 

When George Bright completed a survey of the Wenaha National Forest (north 

half of the Umatilla National Forest) in 1914, he made this observation about Doug-

las-fir dwarf mistletoe: “Mistletoe, it is thought, is on the increase. It is killing many 

Douglas fir. Nearly every large or medium-sized Douglas fir will often be found to be 

infested with this disease, on certain north slopes” (Bright and Powell 2008). 

In addition to western larch and Douglas-fir, lodgepole pine and ponderosa pine 

are also affected by host-specific dwarf mistletoes. Of the common tree species asso-

ciated with moist, mixed-conifer sites in the Blue Mountains, Engelmann spruce, 

subalpine fir, and grand fir are not affected by dwarf mistletoes (although grand fir 

is infected in central Oregon and other portions of its range). 

Dwarf mistletoes often predispose trees to attack from insects or pathogens. A 

budworm-impact study for the central and southern Blue Mountains found that 

western spruce budworm killed Douglas-firs infected with dwarf mistletoe more of-

ten than would have been expected, as based on the infection frequency for the pre-

outbreak forest. Presumably, infected trees were killed more often than uninfected 

trees because Douglas-fir dwarf mistletoe caused physiological stress, which predis-

posed them to budworm-induced mortality (Powell 1994). Many studies identified 

interactions between dwarf mistletoes and other disturbance agents (Filip et al. 

1993, Filip and Parks 1987, Hoffman et al. 2007, Knutson and Tinnin 1986, Knutson 

and Toevs 1972, Schmitt and Hadfield 2009, Wagner and Mathiasen 1985). 

For moist-forest sites where dwarf-mistletoe infection levels are high (such as 

those with more than 50 percent of the host trees infected), treatment prescriptions 

to develop or maintain an even-aged forest structure may be warranted. When un-

even-aged management (group or individual-tree selection) is being considered for 

moist forests, at least 75 percent of the host trees should be free of dwarf mistletoes 

to avoid problematic increases in infection levels (Evans et al. 2011). 

When Hessburg et al. (2008) examined the efficacy of prescribed fire and thin-

ning as active management treatments for addressing dwarf-mistletoe infection in 

mixed-conifer forest, they found that thinning produced the greatest reductions in 

tree stocking and mistletoe severity, but they also found a trend of reduced mistletoe 

spread and intensification over time for both treatments. This study also found that 

treatment effects diminished after 20 years, suggesting that a 20-year treatment cy-

cle might be effective for actively managing dwarf mistletoe levels. 
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Additional Information 

In addition to citations in this section, much other literature about dwarf mis-

tletoes, their disturbance ecology, and possible management responses to their im-

pact is included in the References section. Schmitt (1997) provides a Management 

Guide for Douglas-fir dwarf mistletoe in the Blue Mountains. Schmitt also provides 

a report discussing the pros and cons of managing Douglas-fir dwarf mistletoe or 

larch dwarf mistletoe for wildlife use (Schmitt 1996). Agriculture Handbook 709 

(Hawksworth and Wiens 1996) provides a comprehensive synthesis of the biology, 

pathology, and systematics of dwarf mistletoes. Gast et al. (1991) provides discus-

sions for dwarf mistletoes of the Blue Mountains. British Columbia’s Dwarf Mistle-

toe Management Guidebook (British Columbia Ministry of Forests 1995d) is a useful 

reference. Citations for three Forest Insect and Disease Leaflets describing dwarf 

mistletoes are provided at the beginning of this section. 

5.6 Holes And Hollows: Stem Decay From Indian Paint Fungus 

Rust Red Stringy Rot Caused by Indian Paint Fungus (Echinodontium tinctorium) 

 TREE SPECIES AFFECTED: Grand fir primarily; subalpine fir (occasionally) and Engelmann 

spruce (rarely). 

 DAMAGE CAUSED: Stem decay of the heartwood tissue. 

 IMPACTS AND EFFECTS: Widespread in old-growth, mixed-conifer stands; most important 

stem decay disease in the Blue Mountains. 

 CONTROL MEASURES: Maintain vigorous stands; use short rotations; avoid bole wounding; 

avoid managing advanced regeneration more than 50 years old. 

 FOREST INSECT AND DISEASE LEAFLET: No. 93 (Filip et al. 2009). 

Stem decay fungi are common in moist forests, with incidence levels tending to 

rise as forest age increases (Hansen and Goheen 2000). The most common stem de-

cay fungus is rust-red stringy rot caused by the Indian paint fungus (fig. 32). Al-

though airborne spores of stem-decay “fungi are abundant in forest stands of all ag-

es, old-growth stands have a much higher incidence of heart rot than do young 

stands. Non-resinous species such as the true firs are more prone to stem decay than 

are species such as Douglas-fir, pines, or larch. Grand (white) fir is the most sucep-

tible species” (Parks and Flanagan 2001). 

Indian paint fungus is more common on moist grand fir sites (such as the grand 

fir/twinflower and grand fir/queencup beadlily plant associations) than on the dryer 

end of the grand fir series (the grand fir/elk sedge, grand fir/pinegrass, and grand 

fir/birchleaf spirea associations). Nearly 80 percent of the wood decay associated 

with old grand fir stands is attributed to Indian paint fungus (Filip and Schmitt 

1990). And in the old stands, nearly every fir stem may eventually be decayed, as 

described in this early account: “White fir in this region is very poor and should be 

considered a weed. Trees of this species over 16 inches D.B.H. are seldom sound be-

cause of the heavy attacks of Indian paint fungus” (Starker 1916). 
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Figure 32 – Rust-red stringy rot in a grand fir tree caused by a stem decay 

organism called the Indian paint fungus (from Shigo 1979). Indian paint fun-

gus is a common pathogen and wood-decay organism affecting older grand fir 

trees in the Blue Mountains. The fungus usually enters the stem after a long 

growth period in a dying branch. When many branches die at about the same 

time, the fungus may convert the entire central column of the stem into a 

stringy, fibrous mass of decayed material. Indian paint fungus is an example 

of a decay organism that creates a valuable type of wildlife tree: hard outer 

wood surrounding decay-softened inner wood. This type of wildlife tree is 

used extensively by a variety of avian species such as yellow-bellied sapsuck-

er, red-naped sapsucker, red-breasted sapsucker, hairy woodpecker, three-

toed woodpecker, black-backed woodpecker, and pileated woodpecker (Conner 

et al. 1976, Keisker 2000). The inside of the fruiting body of this fungus has a 

brick-red color, and Native American peoples of the Columbia River basin 

(including the Canadian portion of the basin) used the fruiting body to pro-

duce a red pigment, which was used as a dye or stain (Turner et al. 1990). 
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Table 9: Selected life history traits for eight common conifers of moist upland forest. 

 Ponderosa 

Pine 

Western 

Larch 

Lodgepole 

Pine 

Interior 

Douglas-fir 

Western 

White Pine 

Grand 

Fir 

Engelmann 

Spruce 

Subalpine 

Fir 

 

        

Shade 

Tolerance 
Intolerant 

Very 

intolerant 
Intolerant Intermediate Intermediate Tolerant Tolerant 

Very 

tolerant 

Fire 

Resistance 
High Very high Low Moderate Moderate Moderate Low Very low 

Survival 

Strategy 
Resister Resister Evader Resister Resister Avoider Avoider Avoider 

Wind 

Resistance 
Very high Very high Moderate High Moderate Moderate Very low Low 

Sources/Notes: Shade tolerance is from Burns and Honkala (1990a), Daniel et al. (1979), or Keane et al. (1996a). Fire resistance is from Flint (1925) 

and Starker (1934); fire survival strategy is from Rowe (1983). Wind resistance integrates rooting and stem breakage characteristics. Column heading 

color is seral status: orange is early-seral; green is mid-seral; and blue is late-seral. More life-history information is provided in tables 10 and 16. 
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Although most prominent in older trees and stands, Indian paint fungus actually 

infects a full range of tree sizes: “the Indian paint fungus is responsible for 80% of 

the decay in old-growth grand and white fir stands in eastern Oregon and Washing-

ton and 30% of the decay in advance fir regeneration” (Filip et al. 2009). 

The most conspicuous indicator of Indian paint fungus infection is a large, hoof-

shaped protuberance or conk (fruiting body or sporophore) produced on the tree stem 

and just below an old branch (fig. 33; note that two of the three trees near the center 

of the photograph have obvious conks located immediately below dead branches). 

The conks are woody with a black, cracked upper surface, and gray, spiny or toothed 

lower surfaces – the interiors are a bright red or orange color, leading to their use as 

a dye or pigment by Native Americans (fig. 32). 

High shade tolerance (table 9, previous page) contributes to the capability of 

grand fir to persist almost indefinitely as an understory species, surviving on sun-

flecks and other ephemeral light sources (Canham et al. 1990, Chazdon and Pearcy 

1991). But the understory persistence of grand fir also serves to prolong its exposure 

to infection by Indian paint fungus (fig. 32). Although Indian paint fungus is not a 

particularly virulent pathogen, it does occasionally kill trees and function as a gap-

phase disturbance agent (Hennon 1995). 

Indian paint fungus is adept at infecting suppressed grand fir trees because they 

grow slowly and have low vigor, causing branchlet stubs to heal slowly. When un-

healed stubs remain exposed for a long period, Indian paint fungus can infect a high 

proportion of them. Vigorous, rapidly growing trees have unhealed stubs for relative-

ly short periods, greatly limiting their infection exposure (Filip and Schmitt 1990). 

Infections can lie dormant for many decades, only to be initiated later by wounding. 

Research suggests that substantial amounts of stem decay caused by Indian 

paint fungus is likely in advanced grand fir regeneration under these circumstances: 

 It is growing under a grand fir overstory infected with Indian paint fungus. 

 It has been suppressed for more than 50 years, which means that dormant (la-

tent) infections are probably present. Indian paint fungus infects a host at twig 

stubs – the small wounds created when twigs are shed from larger branches. 

 It has wounds caused by tree harvest; bombardment from above by branches, 

dead tops, dwarf-mistletoe brooms, and other stand debris; or from other causes 

such as surface fire (any of this wounding can activate a dormant infection). 

 It has poor vigor because of low site quality, intertree competition caused by high 

stand density, incipient root disease, or for other reasons. 

Many sapsucker and woodpecker species of the Blue Mountains require mature 

trees of large diameter, with central heartwood softened by fungal decay, in which to 

excavate their nests. Grand firs infected with rust-red stringy rot caused by the In-

dian paint fungus often provide this specific and important type of habitat for cavity-

nesting birds (fig. 33). 
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Figure 33 – An old-growth grand fir stand in the northern Blue Mountains 

(Walla Walla Ranger District). Note that this stand contains many of the fea-

tures expected for an old-growth ecosystem on moist sites – a predominance 

of late-seral tree species (grand fir in this instance), generally a multi-layered 

vertical stand structure (although seedling- and sapling-size trees are not ob-

vious in this particular photograph), much down wood occurring in a variety 

of size classes, and the presence of stem decay caused by the Indian paint 

fungus organism (which causes rust-red stringy rot of heartwood tissue). Two 

trees near the center have obvious fruiting bodies (conks) indicating their in-

fection by the Indian paint fungus (see white arrows). The softened, well-

decayed heartwood resulting from rust-red stringy rot is an important habi-

tat component for cavity-nesting birds (Parks and Flanagan 2001). 
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Stem decay is just one example of a specialized wildlife niche provided by moist 

forests – more than 80 species of birds, mammals, reptiles, and amphibians in the 

interior Columbia River basin use living trees with internal decay, hollow trees, 

trees with brooms or dead tops, or standing dead trees (snags) for nesting, roosting, 

denning, or foraging (Bull et al. 1997, Thomas 1979, Wisdom et al. 2000). 

For moist forests lacking mature trees with decayed heartwood, several creative 

methods have been developed to inoculate living trees with wood decay fungi, includ-

ing shooting them with fungi-inoculated rifle bullets (Baker et al. 1996), or by drill-

ing holes into the stem and inserting fungi-inoculated dowels (Filip et al. 2011). Note 

that the Filip et al. (2011) study found little benefit from artificial inoculations after 

7-14 years (i.e., little stem decay and no excavated cavities), but they did recommend 

inoculations continue into the future, but with modifications to improve efficacy. 

5.7 Root Diseases2 

Annosus Root Disease (Heterobasidion annosum) 

 TREE SPECIES AFFECTED: Grand fir, subalpine fir, and pines. 

 DAMAGE CAUSED: Butt decay and tree mortality. 

 IMPACTS AND EFFECTS: Fairly common in mixed-conifer stands, especially those with a his-

tory of repeated partial cutting. 

 CONTROL MEASURES: Favor tolerant and resistant trees; use short rotations and fewest 

possible entries; stocking-level control; remove infected stumps or treat them with borax 

when fresh (immediately after felling). 

 FOREST INSECT AND DISEASE LEAFLET: No. 172 (Schmitt et al. 2000). 

Armillaria Root Disease (Armillaria ostoyae) 

 TREE SPECIES AFFECTED: Douglas-fir and grand fir – severe; pines, spruce, and subalpine 

fir – moderate. 

 DAMAGE CAUSED: Reduced growth; butt decay; windthrow; tree mortality. 

 IMPACTS AND EFFECTS: Widespread in mixed-conifer stands; probably the most damaging 

root disease of the Blue Mountains. 

 CONTROL MEASURES: Favor tolerant & resistant species; avoid frequent entries and soil dis-

turbance; sanitize when thinning; reduce density; stump removal in special situations. 

 FOREST INSECT AND DISEASE LEAFLET: No. 78 (Williams et al. 1986). 

Laminated Root Rot (Phellinus weirii) 

 TREE SPECIES AFFECTED: Douglas-fir and grand fir – severe; Engelmann spruce, subalpine 

fir, and western larch – moderate. 

 DAMAGE CAUSED: Reduced growth; root and butt decay; increased windthrow susceptibility; 

tree mortality. 

 IMPACTS AND EFFECTS: Causes heavy tree mortality on infected sites. The fungus can sur-

vive for long time periods in infected stumps and roots. 

 CONTROL MEASURES: Favor moderately damaged, tolerant, and resistant species; remove 

infected stumps from disease centers (only used in special situations). 

 FOREST INSECT AND DISEASE LEAFLET: No. 159 (Nelson et al. 1981). 

                                                 
2
 Scientific and common names of insects and diseases in this paper follows Goheen and Willhite (2006). 
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Three root disease organisms are especially influential for moist forests of the 

Blue Mountains: annosus root disease, Armillaria root disease, and laminated root 

rot. Root diseases and other pathogenic fungi are important endemic (site-associat-

ed) disturbance processes influencing the species composition of moist-forest ecosys-

tems, particularly by how they affect the ratio of disease-resistant (generally early-

seral) and disease-susceptible (generally late-seral) tree species. Differences in spe-

cies susceptibility to root diseases (table 10) have an important influence on how sil-

vicultural practices are applied on moist-forest sites – which species are retained 

during partial cutting, which species are planted following stand-replacing disturb-

ance, and so forth. 

Armillaria root disease is commonly associated with moist-forest sites (fig. 34), 

acting both as an aggressive pathogen and a more passive saprophyte. Host species 

experiencing stress, including stresses caused by soil compaction or other site dam-

age from previous management practices, can increase the extent of root disease oc-

currence or its virulence. It has also been observed that planted trees will generally 

have a higher infection level than natural regeneration. For this reason, sites with 

high existing Armillaria incidence or a history of previous infection are often regen-

erated using natural sources rather than planted stock. In stands with aggressive 

Armillaria root disease, however, natural regeneration is clearly still susceptible, 

but obviously less so than planted regeneration (Chapman et al. 2011). 

Alternative timber harvest systems have differing potential to cause soil compac-

tion and associated root disease impact. Cut-to-length (CTL) mechanized harvesting 

systems are popular, and they are effective at minimizing soil compaction by using 

the limbs removed during tree processing at the stump to create a slash mat in front 

of the machine. Using CTL systems can be important for active management be-

cause wet soils (soil moisture ranging up to 30%), or those formed from fine-grained 

materials such as the volcanic ash caps or loess soils commonly associated with 

moist forests (McDaniel and Hipple 2010, McDaniel and Wilson 2007), are more sus-

ceptible to compaction than soils in dry forests or those derived from coarse-textured 

or gravelly parent materials. 

And, research suggests that retaining just a small amount of slash was not effec-

tive at minimizing soil compaction because it did not provide “enough cushioning in 

wet soil to absorb the ground pressure and vibration of the harvesting equipment. 

Light slash tended to be crushed into pieces and could no longer distribute and ab-

sorb the impact of the machine” (Han et al. 2009). 

Following adoption of the National Fire Plan in 2000, fuel reduction proponents 

have advocated more utilization of whole-tree harvesting because it removes most of 

the fine fuels (foliage and branchwood) to a landing where they can be piled and 

burned (or perhaps in the future, they could be pyrolyzed to create biochar and other 

products). “Whole-tree harvesting, however, has high potential for soil compaction 
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and disturbance because skidder travel tends to sweep duff and litter from trails, 

exposing bare mineral soil (Hartsough et al. 1997)” (Han et al. 2009). 

Table 10: Susceptibility ratings for armillaria and annosus root diseases, laminated 

root rot, and Indian paint fungus, for common conifers of moist upland forest. 

Tree Species Laminated Armillaria Annosus 

Indian 

Paint 

Douglas-fir (interior) Severe Severe Seldom Immune 

Engelmann spruce Moderate Moderate Seldom Tolerant 

Grand fir Severe Severe Severe High 

Lodgepole pine Seldom Moderate Moderate Immune 

Ponderosa pine Seldom Moderate Moderate Immune 

Subalpine fir Moderate Moderate Moderate High 

Western larch Moderate Seldom Seldom Immune 

Western white pine Seldom Moderate Seldom Immune 

Sources/Notes: Laminated, armillaria, and annosus root diseases: table 5 in Goheen and 

Willhite (2006); Indian paint fungus: table 5 in Williams et al. (1995). Ratings have the fol-

lowing meaning: High – readily infected and readily killed; Severe – severely damaged; Mod-

erate – moderately damaged; Seldom – seldom damaged; Tolerant – infrequently infected 

unless growing in association with the most susceptible species, and rarely killed; Immune – 

species does not serve as a host for the fungus (Thies and Sturrock 1995, p. iii). 

 
Figure 34 – Honey mushroom produced by Armillaria root disease. Armillar-

ia root disease is the most pervasive and important root disease organism af-

fecting moist forests of the Blue Mountains. 
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Root diseases are best managed by employing a prevention strategy. In situa-

tions where root disease activity has already responded to predisposing factors such 

as soil compaction, future management options may be relatively limited. Under 

these circumstances, the best option may be to use forest management practices 

(noncommercial thinnings, etc.) to adjust the species composition in such a way that 

disease-resistant species, preferably those derived from locally-adapted seed sources, 

comprise the majority of post-thinning stocking levels (Cleary et al. 2008). 

Noncommercial thinning to reduce stocking levels and thereby improve the vigor 

of residual trees can have a positive influence on reducing Armillaria root disease 

impact (Filip et al. 2009), but thinning will not eliminate the disease. And if com-

mercial thinning involving ground-based skidding operations causes soil compaction 

or residual-tree wounding (Han et al. 2009), either outcome would likely contribute 

to negative disease effects and exacerbate root disease activity. 

There is evidence that historical fire regimes on the dry end of the moist-forest 

zone (e.g., fire regime IIIa sites) probably functioned to keep Armillaria root disease 

activity within moderate levels, i.e., within the range of variation for this pathogen. 

The fire regime effects were likely related to many factors, including fire’s role in 

maintaining early-seral, shade-intolerant tree species, keeping stocking levels rela-

tively low, and favoring fungi that are antagonistic to Armillaria root disease (e.g. 

Trichoderma spp.; see Filip and Yang-Erve 1997, and Reaves et al. 1984, 1990). 

Application of prescribed fire in a manner emulating the historical fire regime 

(on fire regime IIIa sites, for example) would be expected to provide some ameliora-

tion of Armillaria impact, but as was the case for noncommercial thinning, pre-

scribed fire will not eradicate the disease from a moist-forest site (Filip and Yang-

Erve 1997). But one caution here: trees affected by root disease are much more sus-

ceptible to fire-caused mortality than uninfected trees. Root disease infection can 

function as a predisposing agent, with fire filling the role of a secondary agent in 

this example. When fire damages uninfected trees, it then functions as the predis-

posing agent, allowing root disease to overwhelm the tree’s compromised defense 

systems, become well established, and ultimately cause tree mortality. For these 

reasons, the presence or absence of root disease is used as an evaluation factor when 

calculating a predicted survival percentage for fire-damaged trees (Scott et al. 2002). 

As described above for fire regime influences, tree species composition has an 

important influence on the ebb and flow of Armillaria root disease abundance and 

virulence on moist mixed-conifer sites. When stand-replacing disturbances are fol-

lowed by regeneration of western larch, lodgepole pine, or western white pine, all of 

which are tolerant or resistant to Armillaria infection (table 10), the root disease in-

oculum in soil will diminish substantially. As the early- or mid-seral species eventu-

ally decline in abundance and are ultimately replaced by mid-seral Douglas-fir and 

late-seral grand fir, both of which are highly susceptible to Armillaria infection (ta-
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ble 10), the root disease will resurge, increase in virulence, and then spread to occu-

py more of the site or move onto adjacent sites. 

Annosus root disease is often associated with high-elevation true-fir stands hav-

ing a history of selective timber harvest (e.g., partial cutting). The primary host 

trees of this root disease are grand fir and subalpine fir. 

Annosus root disease spreads by windborne spores infecting fresh stump surfaces 

– the fungus colonizes the stump, and then spreads to adjacent hosts when their 

roots come in contact with infected stump roots (Filip et al. 2006). Because of this 

spread mechanism, boron-containing products are typically applied to freshly cut 

stump surfaces within 24 hours of tree felling to prevent stump infection. True fir 

stumps less than 14 inches in diameter (9 inches for subalpine fir) are generally not 

treated because they will desiccate before the fungus can spread to adjacent trees. 

Boron treatments are not effective for previously-infected trees, so boron is only 

applied when there is no history of multiple-entry treatments, and no annosus-

caused stain or decay is present at the stump surface. A high frequency of annosus 

root disease is associated with seed-tree or shelterwood seed cuts completed in the 

1970s and 1980s, an era before boron was routinely used to treat fresh stump sur-

faces. For moist grand fir sites where annosus root disease is a management con-

cern, planting or favoring resistant western larch or pines is considered to be an ef-

fective strategy (Filip et al. 2006). 

Management response to laminated root rot is similar to recommendations for 

the other root diseases: favor resistant or tolerant tree species whenever possible; 

manage as though the root disease organism is associated with the site (i.e., it is a 

long-term site component, not an occasional or transient visitor); and favor natural, 

site-adapted tree regeneration, rather than planting stock, when circumstances al-

low this approach. 

Additional Information 

Schmitt (2001) provides a good summary about root diseases of the Blue Moun-

tains, including potential active management responses to their impact. A broad-

scale summary of root diseases affecting forests of eastern Oregon and Washington 

is provided by Thies (2001). Thies and Sturrock (1995) summarize information about 

laminated root disease; Filip and Schmitt (1979) describe conifer susceptibility to 

laminated root disease. Agriculture Handbook 691 (Shaw and Kile 1991) provides a 

good synthesis about Armillaria root disease. A journal article about interactions 

between fire, insects, and pathogens (including root disease) is provided by Parker et 

al. (2006). Filip and Schmitt (1990) describe silvicultural options for diseased true-fir 

stands in eastern Oregon. Craig Schmitt, retired pathologist, recently summarized 

many of the interactions between diseases and moist upland forest (Schmitt 2010). 
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5.8 Mountain Pine Beetle in Lodgepole Pine  

Mountain Pine Beetle (Dendroctonus ponderosae) 

 TREE SPECIES AFFECTED: Lodgepole pine and ponderosa pine. 

 DAMAGE CAUSED: Tree mortality; blue-staining of sapwood. 

 IMPACTS AND EFFECTS: Killed millions of lodgepole pines in the Blue Mountains during  

major outbreaks from 1905-15 and 1968-78; it was also active in both the lodgepole pine 

and ponderosa pine forest cover types following the late 1980s drought. 

 CONTROL MEASURES: Stocking-level control; chemical insecticides or attractants (phero-

mones) are occasionally used. 

 FOREST INSECT AND DISEASE LEAFLET: No. 2 (Gibson et al. 2009). 

The mountain pine beetle is a native insect inhabiting pine forests of the Blue 

Mountains (primarily affecting lodgepole, ponderosa, and whitebark pines, with 

western white pine affected to some extent). It causes little impact to its host trees 

at low population levels, but when populations build quickly to an outbreak, the ef-

fects can be severe, and they occur at a landscape scale (fig. 35). Adult beetles bore 

through the bark and into a tree’s cambium layer; larval feeding chambers (galler-

ies) in the cambium destroy a tree’s capacity to transport water and nutrients. 

 

Figure 35 – Mountain pine beetle distribution for the 1970s outbreak on the 

Umatilla NF. At its height in 1976, the mountain pine beetle outbreak affect-

ed more than 375,000 acres of lodgepole pine forest type on the Forest. 
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The mountain pine beetle, in combination with associated blue-stain fungi, usu-

ally attacks and kills the less vigorous lodgepole pine trees, particularly if they are 

also large-diameter (≥ 9 inches dbh) and growing in relatively dense stands, such as 

those with a stand density index of 170 or greater (see fig. 6; Cochran et al. 1994, 

Peterson and Hibbs 1989). 

Early Mountain Pine Beetle Outbreak (1905 -1915) 

An extensive mountain pine beetle outbreak occurred in lodgepole, ponderosa, 

and whitebark pines in the northern Blue Mountains and Wallowa Mountains in the 

early 1900s (beginning no later than 1905, according to historical accounts such as 

Burke 1990). By 1910, direct control measures were being implemented to combat 

this outbreak; “the first effort [anywhere in the United States] to control an out-

break of mountain pine beetle in lodgepole pine was made in 1910 and 1911 on the 

Whitman National Forest in northeastern Oregon” (Craighead et al. 1931). 

On the Wallowa National Forest, the first serious mountain pine beetle out-

breaks were reported in 1905, continued to grow to a peak in 1910, and then col-

lapsed to quiescent levels by 1912. Another outbreak occurred not 25 miles away in 

the Powder River valley on the Whitman National Forest, beginning in lodgepole 

pine stands in 1906. It increased rapidly for the next 5 years, apparently culminat-

ing in 1912. After it peaked in lodgepole pine, the beetle began working in mixed 

stands of lodgepole and ponderosa pine, eventually killing considerable numbers of 

ponderosa pine trees. In 1913, large infestations were also known to exist on the 

Malheur and Umatilla National Forests, although they had not been studied to the 

same extent as the Whitman and Wallowa outbreaks (Pernot 1913a). 

As of 1913, four bark-beetle control projects had been completed – two on the 

Whitman National Forest in cooperation with the Bureau of Entomology, and two on 

the Ochoco National Forest (Badger Creek drainage) under the direction of the For-

est Service. The 1911 control project on the Whitman National Forest covered an ar-

ea of 84,330 acres, cost $23,582, and resulted in treatment of 15,170 lodgepole pines 

(cut and burned), 8,015 ponderosa pines (cut and treated), and 3,388 ponderosa 

pines treated by peeling them standing. A gradual cessation of insect damage in un-

treated portions of the Whitman National Forest suggested that post-treatment de-

clines were due more to natural factors than any direct result of the control opera-

tions (Pernot 1913a). 

One consistent observation from the northeastern Oregon outbreaks was that 

mountain pine beetle always became a problem in the lodgepole pine type first, occa-

sionally spilling out from there to infest other adjacent or intermingled pine species. 

During this historical era, extensive outbreaks were not observed in pure stands of 

ponderosa pine (Pernot 1913a). Limited tree killing was also noted in whitebark pine 

in the North Fork John Day River drainage and the Crane Creek area (Pernot 

1913b). But overall, the early distribution of mountain pine beetle followed the range 
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of lodgepole pine so closely that it could be considered a lodgepole pine beetle, at 

least in the Blue Mountains (Pernot 1913b). 

In 1913, the mountain pine beetle infestation on the Whitman NF was centered 

in the Anthony Lakes area, the entire headwaters of the North Powder River, the 

upper watersheds of the Grande Ronde River, and the upper watersheds of the 

North Fork of the John Day River, especially in Crawfish Creek, on upper Trail 

Creek, and on Trout Creek and in the vicinity of Trout Meadows. The Crane Creek 

and Crane Flats areas, which are southern tributaries of the North Fork of the John 

Day River, were also heavily infested (Pernot 1913b). 

On a sample acre near Anthony Lakes, the mixed stand consisted of lodgepole 

pine, Engelmann spruce, and subalpine fir, with lodgepole pine comprising 83% of 

the stand. Of the 194 lodgepole pines per acre in the 6 to 13 inch diameter class, 47% 

had been killed in the last 3 years, 35% were infested in August of 1913 by the 1912-

1913 brood of beetles, and 18% were healthy and not yet attacked (Pernot 1913b). 

As would be expected from these historical accounts, this early mountain pine 

beetle outbreak caused extensive tree mortality, as described here by R.E. Kan 

Smith (1912): “to ride through the lodgepole forests in the vicinity of Porcupine 

Ranger Station, T. 5 S., R. 37 E., W.M., that were infested in 1909-10 gives one the 

impression of an eastern hardwood forest in the dead of winter. The lodgepole all 

stands dead and bare, with here and there an occasional green tree of other species, 

such as larch, fir, etc. The earliest-attacked lodgepole is beginning to fall and it is 

only a matter of a short time when the great mass of it will fall.” 

The occurrence of bark beetles in whitebark pine was irregular and scattered, 

but mountain pine beetle was certainly associated with this tree species. Whitebark 

pines along the summit of the North Fork John Day River–Powder River divide were 

infested, as were trees near the summit of Bald Mountain (Pernot 1913b). 

During the same era as the mountain pine beetle outbreak, Douglas-fir beetle 

was also active in mixed-conifer forests, especially in the area near White Pine and 

Austin, Oregon. The western larch borer was considered to be partly responsible for 

the death of a considerable percentage of the mature western larch in the Blue and 

Wallowa Mountains of northeastern Oregon. It was noted that dwarf-mistletoe infec-

tions were particularly severe in mature larches, and that western larch borer was 

found most abundantly in recent, mistletoe-killed trees (Pernot 1913b). 

Mid-1970s Mountain Pine Beetle Outbreak  

Quantified records of mountain pine beetle occurrence and spatial distribution 

are only available since 1947, the first year that cooperative aerial detection surveys 

were completed for forest lands in the Pacific Northwest. Although one source char-

acterizes the 1905-1915 mountain pine beetle outbreak as the largest known one to 

affect the Blue Mountains (Gast et al. 1991), an outbreak that began in 1968 near 

Johnson Rock (Carter 1976) grew quickly and impressively from there – by the au-
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tumn of 1975, almost 1½ million acres of lodgepole pine in the Blue Mountains had 

been, or were then, infested with pine beetles. 

The 1975 aerial survey detection map showed a large contiguous concentration of 

mountain pine beetle activity stretching from southeast of Prairie City north to 

Meacham, Oregon; smaller activity centers were scattered around the periphery of 

this main region from west of Seneca, Oregon north to Asotin County, Washington. 

Much of the mature lodgepole pine type in the central Blue Mountains (encompass-

ing what were then the Baker, Long Creek, North Fork John Day, Heppner, and La 

Grande ranger districts) was killed during this outbreak (fig. 35 shows the Umatilla 

portion of this outbreak area). 

Note from the map depicted in figure 35 that the mountain pine beetle outbreak 

was concentrated on the southern half of the Umatilla National Forest; considerably 

less area was affected on the northern half of the Forest. One reason for less impact 

on the northern half was that many areas on the Pomeroy Ranger District had been 

affected by a series of large forest fires in 1960 (including lodgepole pine forest in the 

Clearwater and Godman areas) and, by the early to mid 1970s, the lodgepole pine 

host type in those areas had not yet had enough time to reach a tree size (8 inches 

diameter) highly susceptible to mountain pine beetle infestation. 

One reaction to more than 1½ million acres of mountain pine beetle infestation 

was to prepare salvage timber sales to remove dead or dying lodgepole pine (fig. 36). 

For areas with steeper slopes, a dense road system was developed and the dead trees 

were removed using short-span ‘Idaho jammer’ yarding systems (fig. 37). For flat 

ridgetop or plateau locations, short-boom tree shears (clippers) were used, but this 

harvest system required the equipment to approach each tree closely so the shear 

could grip and then clip the stem (fig. 38). 

One result of the tree-shear harvest system was that most of each harvest site 

was traversed by heavy equipment, causing high amounts of soil compaction. Tens of 

thousands of acres of young lodgepole pine type on the Unity and Heppner ranger 

districts were treated by using a winged subsoiler (Tilth unit) to restore soil struc-

ture, which not only promotes proper hydrologic function (water infiltration, etc.) but 

also development of normal tree-root architecture. Trees with normally developed 

root systems are more stable and less susceptible to future episodes of ‘wet noodling’ 

(caused by large height-diameter ratios; see Evaluating Windthrow Hazard section, 

page 139), or uncharacteristic levels of windthrow. 

Addressing Mountain Pine Beetle Susceptibil ity  

This section provides a short review of interactions between stand density, thin-

ning as a treatment to manage stand density, and bark beetles, focusing primarily 

on mountain pine beetle, a tree-killing insect currently causing unprecedented levels 

of impact in lodgepole pine forests of western North America (Bentz 2009). Section 

5.10, Tree Susceptibility to Bark Beetle Attack, discusses bark beetle susceptibility 

in a broader context than just mountain pine beetle. 
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Figure 36 – Tree mortality caused by mountain pine beetle attacking lodge-

pole pines near Highway 244 east of Ukiah, Oregon (photograph acquired on 

September 6, 1977). 

 

Figure 37 – Idaho jammer 

yarding system removing pon-

derosa pines killed by mountain 

pine beetle, near Johnson Rock 

fire lookout on the Wallowa-

Whitman National Forest, in 

July of 1976. Although this pho-

tograph was taken adjacent to 

the North Fork John Day RD on 

the La Grande RD, similar yard-

ing equipment was also used on 

the Umatilla National Forest 

during this period. [Note that an 

Idaho jammer is basically just a 

mobile crane with tongs attach-

ed to the cable; the tongs are 

designed for grasping logs.] 
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Figure 38 – Tree shear har-

vest system (clipper) harvest-

ing a lodgepole pine, Umatilla 

NF. This type of shear was 

used to harvest much of the 

beetle-killed timber during the 

mid-1970s mountain pine bee-

tle outbreak, and because it 

has a relatively short articu-

lating arm, the shear had to 

get close to each tree to re-

move it; this resulted in com-

pacted soils for a high propor-

tion of the harvested sites 

(Geist et al. 2008). The Hepp-

ner RD completed more than 

10,000 acres of soil compaction 

remediation treatments (e.g., 

sub-soiling) in the late 1980s 

and 1990s to ameliorate shear-

caused soil compaction. 

 

Amman and Anhold (1989) found a negative correlation between SDI and tree 

mortality caused by mountain pine beetle (i.e., as SDI increased, tree mortality de-

creased), although this finding was assumed to reflect the fact that less dense stands 

contain a higher proportion of large-diameter trees with thick phloem, perhaps 

providing ideal bark-beetle habitat. Anhold et al. (1996) identified a zone of high 

susceptibility for lodgepole pine consisting of relative densities between 20 and 35 

percent of maximum SDI, resulting in rapid growth to a large tree size, and quadrat-

ic mean stand diameters greater than 8 inches, reflecting a preponderance of trees 

with thick phloem. Both studies suggest that very dense lodgepole pine stands are 

unfavorable for mountain pine beetle, presumably because they contain a high pro-

portion of trees with thin phloem, and these trees provide only marginal habitat for 

beetle broods. 

Several other studies found that tree mortality due to mountain pine beetle was 

insignificant until a threshold stand density level was reached, at which point mor-

tality could quickly escalate (Cochran 1992, Cochran and Barrett 1993, Mitchell et 

al. 1983, Oliver 1995, and others). Peterson and Hibbs (1989) analyzed previously 

published data from both thinned and unthinned stands in the Blue Mountains (see 

Mitchell et al. 1983), and they concluded that an SDI of 160-170 was the threshold 

density above which beetle-induced mortality became serious for lodgepole pine. 

Thinning lodgepole pine increases tree vigor and resistance to mountain pine 

beetle attack (Mitchell et al. 1983); studies found that fewer trees were killed in 
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heavily thinned areas when compared with lightly thinned or unthinned stands 

(Preisler and Mitchell 1993, Schmitz et al. 1989, Whitehead and Russo 2005). War-

ing and Pitman (1985) noted that the risk of a mountain pine beetle outbreak “can 

be greatly reduced by periodic thinning,” and that improved bark-beetle resistance 

develops within three years of a thinning treatment. Once trees produce a physiolog-

ical response to thinning (usually 3-5 years after treatment), their improved vigor 

promotes production of defensive chemicals enhancing beetle resistance (Chris-

tiansen et al. 1987, Franceschi et al. 2005, Kolb et al. 1998, Mitchell and Martin 

1980, Perrakis and Agee 2006, Shrimpton 1978). 

The relationship between stand density and mountain pine beetle susceptibility 

is complex, particularly for lodgepole pine ecosystems (Hindmarch and Reid 2001). 

Some of the thinning studies suggest that a change in stand microclimate (air tem-

perature, light intensity, etc.) is the principal factor influencing mountain pine bee-

tle attack because observed reductions in beetle activity occurred immediately after 

thinning, and this type of response is too quick to attribute to any tree vigor im-

provement resulting from thinning. The gregarious nature of bark beetles also sug-

gests that the immediate post-thinning environment could be disrupting auditory 

cues or pheromone communication between beetles (Amman et al. 1988, Bartos and 

Booth 1994, Mitchell and Preisler 1991, Waring and Pitman 1985). 

5.9 Douglas-Fir Beetle And Fir Engraver  

Douglas-fir Beetle (Dendroctonus pseudotsugae) 

 TREE SPECIES AFFECTED: Douglas-fir; western larch (secondary). 

 DAMAGE CAUSED: Blue-stained sapwood; gray saprot; tree mortality. 

 IMPACTS AND EFFECTS: Attacks trees weakened by disease, drought, defoliation, fire, or an-

other stressor; active following the early 1970s Douglas-fir tussock moth outbreak, the 

1980-92 western spruce budworm outbreak, and the late 1980s drought. 

 CONTROL MEASURES: Salvage attacked and susceptible hosts; stocking-level control; man-

age green slash to prevent population buildups. 

 FOREST INSECT AND DISEASE LEAFLET: No. 5 (Schmitz and Gibson 1996). 

Fir Engraver (Scolytus ventralis) 

 TREE SPECIES AFFECTED: Grand fir and subalpine fir. 

 DAMAGE CAUSED: Brown-stained sapwood; top killing; tree mortality. 

 IMPACTS AND EFFECTS: Attacks trees weakened by drought, defoliation, or root disease; 

very active following the 1980-92 spruce budworm outbreak and late 1980s drought. 

 CONTROL MEASURES: Improve host vigor; treat root diseases and other stress-causing 

agents over which we have some control; stocking-level control; salvage damaged and 

susceptible hosts. 

 FOREST INSECT AND DISEASE LEAFLET: No. 13 (Ferrell 1986). 

Douglas-fir beetle kills Douglas-firs by girdling them and introducing a blue-

stain fungus. Trees weakened by fire, disease, drought, defoliation, or other stresses 

are especially vulnerable to attack. In the Blue Mountains, Douglas-fir beetle caused 

considerable amounts of tree mortality on the heels of the 1980-1992 spruce bud-
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worm outbreak (Gast et al. 1991) – budworm stressed host trees and functioned as a 

contributing factor, but Douglas-fir beetle actually administered the coup de grace. 

Older, dense stands are more susceptible to Douglas-fir beetle attack than 

younger, open stands, and the underlying geology (parent materials) also seems to 

exert an influence, particularly when beetles occur at endemic (rather than out-

break) population levels (Garrison-Johnston et al. 2003). As is the case for many 

bark-beetle species, high levels of stand density function as a predisposing factor for 

Douglas-fir beetle. “Bark beetles prefer densely-stocked stands” (Filip et al. 1996). 

Douglas-fir beetle outbreaks are much more likely in older stands, particularly if 

radial growth has begun to slow and if intertree competition is severe (Berryman 

1982, Shrimpton 1978). Furniss et al. (1981) reported that stands attacked by Doug-

las-fir beetle were both overstocked and overmature at the time of an outbreak. And, 

they also found that high levels of intertree competition (overstocking) were com-

monly associated with somewhat younger trees being attacked. 

Fir engraver attacks white and subalpine firs weakened by defoliation, drought, 

root disease, or other factors causing tree stress. As was the case for Douglas-fir bee-

tle, fir engraver caused tree mortality in the Blue Mountains in the late 1970s in re-

sponse to the early 1970s Douglas-fir tussock moth outbreak (Wright and Berryman 

1978), and in the late 1980s and early 1990s in response to a widespread spruce 

budworm outbreak (figs. 39 and 40) (Gast et al. 1991). 

Filip et al. (1989) examined interactions among fir engraver attacks, stain fungi 

(Trichosporium symbioticum) carried by the beetle, and their grand fir host trees on 

the Umatilla National Forest. “They reported that resin production, a common de-

fense response of beetle-attacked firs, was significantly greater in high-vigor trees, 

such as trees that had been thinned” (Filip et al. 1996). 

Influence Of Good Versus Bad Rocks On Bark -Beetle Susceptibil ity  

Using silvicultural practices aimed at reducing the amount of overmature Doug-

las-fir forest growing on ‘bad’ rock types was suggested as a strategy for reducing 

future tree mortality, and associated increases in wildfire danger, for areas in north-

ern Idaho experiencing an extensive Douglas-fir beetle outbreak in the late 1990s 

(Garrison-Johnston et al. 2003). This study found that Douglas-fir root biochemistry 

was significantly affected by potassium levels (Entry et al. 1991), which were re-

duced on ‘bad’ geologic rock types (and for their resulting soils). 

Soil nutrient status influences moist forests on deep tephra (volcanic ash) depos-

its because ash mantles contain 60 to 90% volcanic glass, which has little nutritive 

value (McDaniel and Wilson 2007, McDaniel et al. 2005). But the nutrient status of 

ash soils can be quite different (more limited) than for loess soils, even though both 

are fine-textured and have high water-holding capacity. The growth of Douglas-fir 

trees established on loess soils, for example, may not be limited by potassium, sul-

fur, or boron, three important nutrients for forest growth (White et al. 2012). 
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Figure 39 – Geographical distribution of mixed-conifer beetles (Douglas-fir 

beetle and fir engraver), 1947-2010, for the Umatilla National Forest. 
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Figure 40 – Grand fir trees killed by fir engraver beetles (from Pow-

ell 1994). Defoliation, root disease, drought, dwarf mistletoes, over-

stocking, and other stressors increase a tree’s susceptibility to bark 

beetle attack (Filip 1994, Filip and Schmitt 1990). Fir engraver and 

Douglas-fir beetle caused widespread damage in the Blue Mountains 

during the late 1980s and early 1990s (fig. 39), primarily in response 

to stress caused by budworm defoliation and drought (Gast et al. 

1991, Powell 1994). High-vigor trees are better able to ward off insect 

and disease attacks by producing resins, phenols, terpenes, and other 

defensive chemicals (Christiansen et al. 1987, Coyea and Margolis 

1994, Filip et al. 1989, Kolb et al. 1998, Langenheim 1990, Mitchell et 

al. 1983, Pitman et al. 1982, Safranyik et al. 1998, Sartwell 1971, 

Shrimpton 1978, Vité 1961, Waring 1987). 
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It was also found that Douglas-fir forests growing on ‘bad rocks,’ from a site-

nutrition perspective, are more likely to contain trees experiencing chronic nutrient 

stress (Shaw et al. 1998). These high-stress environments then function as long-term 

refugia for Armillaria root disease. And as might be expected, Douglas-fir trees in-

fected with root disease were more susceptible to successful bark-beetle attack be-

cause they were unable to produce sufficient defensive chemicals (resins, etc.) to 

ward off attack by not only the root disease, but also by Douglas-fir beetle (Garrison-

Johnston et al. 2003). 

Nutrient limitations, particularly for areas with bad rock types, can exacerbate 

physiological stresses experienced by Douglas-fir or grand fir forests, so it may be 

important to keep stocking levels on bad-rock sites at very low levels as a strategy 

for addressing broad-scale susceptibility to defoliating insects, bark beetles, and oth-

er biotic agents (Carlson et al. 1985, Cates et al. 1983, Cochran 1998, Mandzak and 

Moore 1994, Powell 1999b, Shen et al. 2001, Stoszek 1988b). And, we might expect 

increased insect or disease activity, as related to warmer temperatures and earlier 

spring snowmelts predicted by climate change scenarios (Westerling et al. 2006), to 

manifest first on bad-rock sites. [Note that guidelines relating specific rock types to 

a ‘good rock/bad rock’ classification framework have been published for the Blue 

Mountains: see Garrison-Johnston 2010, and Garrison-Johnston and Johnson 2008.] 

5.10 Tree Susceptibility To Bark Beetle Attack  
In a properly functioning ecosystem, the distribution of defoliating insects, bark 

beetles, and pathogenic fungi is typically limited to just a few stressed trees (within 

an individual stand), or to a few stressed stands within a larger forested landscape. 

Many different rating systems have been developed to help predict whether a land-

scape would be expected to sustain healthy forest conditions in the future, or wheth-

er it might evolve to a situation where heightened levels of insect and disease activi-

ty are common. Perhaps the most common rating strategy involves an assessment of 

hazard or susceptibility to insect and disease attack. 

Systems for rating susceptibility were developed for central Idaho, the Blue 

Mountains, and other portions of the interior Pacific Northwest (Garrison-Johnston 

et al. 2003, Steele et al. 1996, Schmitt and Powell 2005). Susceptibility refers to the 

potential for a disturbance event (wildfire, insect outbreak, disease epidemic, etc.) to 

occur, and it is determined by evaluating intrinsic stand or site characteristics such 

as species composition, forest structure, and tree density (Schmitt and Powell 2005). 

Since many insects or diseases respond to stand density in one way or another, a 

characterization of stand density is often included in hazard or susceptibility rating 

systems. Stand density was one of the rating factors for a variety of forest insects, 

including Douglas-fir beetle, mountain pine beetle in lodgepole pine, spruce beetle, 

western pine beetle and mountain pine beetle in ponderosa pine, fir engraver, and 

western spruce budworm (Steele et al. 1996, Schmitt and Powell 2005). 
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To preclude serious tree mortality from mountain pine beetle, western dwarf 

mistletoe, and perhaps western pine beetle, stand density should be maintained be-

low the self-thinning zone (fig. 41) (Barrett and Roth 1985, Cochran et al. 1994). In 

response to specific concerns about mountain pine beetle susceptibility, adjustments 

were made to the upper limit of the management zone stocking level for lodgepole 

and ponderosa pines (Cochran et al. 1994, Powell 1999b). [Note that the upper limit 

of the management zone corresponds to the lower limit of the self-thinning zone 

(dashed line) in fig. 41.] Thinning is a silvicultural activity often used to keep a 

stand’s density below the self-thinning zone. 

By reducing the number of trees on a site, thinning provides more sunlight, wa-

ter, and mineral nutrients for the residual trees (Donner and Running 1986). These 

changes improve the physiological vigor of residual trees, increasing their seasonal 

energy activity and growth. Trees with increased physiological vigor produce more 

resin (pitch) and are better able to resist the effects of defoliators, bark beetles, and 

fungi (figs. 40 and 42) (Coyea and Margolis 1994, Filip et al. 1989, Kolb et al. 1998, 

Mitchell et al. 1983, Pitman et al. 1982, Safranyik et al. 1998, Sartwell 1971, 

Shrimpton 1978, Vité 1961). Trees with high vigor also grow faster than trees with 

low vigor, and slow tree growth has been associated with higher susceptibility to in-

sect and disease damage, including tree mortality (Bleiker and Uzunovic 2004). 

Trees respond to thinning by producing more foliage and developing a higher 

level of photosynthate reserves, both of which improve their capacity to resist or re-

cover from insect and disease attacks (Kolb et al. 1998, Franceschi et al. 2005). Pho-

tosynthate refers to carbohydrates created during photosynthesis. Trees allocate 

photosynthate in an order of precedence, but the rank is not absolute (Loehle 1988, 

Oliver and Larson 1996, Waring and Pitman 1985, Waring and Running 1998): 

1. Maintenance respiration (first). 

2. Producing fine roots and foliage. 

3. Flower and seed production. 

4. Height, branch, and large-root growth. 

5. Diameter growth. 

6. Insect and disease resistance (last). 

After a tree becomes crowded and loses vigor, its total photosynthate production 

declines, and a higher proportion of the available reserve must be allocated to 

maintenance respiration. Since insect and disease resistance is the lowest priority 

for photosynthate allocation, it is the first need to be abandoned when a stressed 

tree must shift some of its photosynthate to respiration or any other need higher in 

the hierarchy. “Stress often translates to increased pest problems” (Perry 1988). 
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Figure 41 – Schematic representation of important concepts related to self 

thinning (after Jack and Long 1996). This figure portrays an upper boundary 

or maximum size-density line which varies not only by tree species, but by 

plant association for the same species. Variation by plant association can be 

thought of as ‘environment boundary lines’ (Sackville Hamilton et al. 1995) 

because each association represents a slightly different biophysical environ-

ment (Powell et al. 2007). The upper-boundary line is a logarithmic relation-

ship with a negative slope (it’s sloping downward rather than upward), which 

means that more trees are associated with a smaller size and less trees with 

a larger mean size. This negative relationship between mean size and density 

exists for all self-thinning plant populations, regardless of their life form 

(tree, shrub, herb) (Westoby 1984). 

The red self-thinning trajectory line shows a typical development pattern 

for an even-aged tree stand eventually experiencing density-dependent mor-

tality. After self-thinning begins, a stand is constrained by the upper bounda-

ry and its future trajectory will remain below, but track along, this line. The 

dashed line shows the lower limit of the self-thinning zone (also known as the 

upper limit of the management zone); stands beyond this dashed line ex-

perience density-related, competition-induced mortality. For many tree spe-

cies, the lower boundary coincides with 75% of the full-stocking level. Sug-

gested stocking levels moist-forest plant associations of the Blue Mountains 

are provided by Cochran et al. (1994) and Powell (1999b). 
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Figure 42 – Death spiral (adapted from Franklin et al. 1987). In this exam-

ple, a slightly taller tree suppresses a shorter but otherwise healthy tree. If 

not released from competition, then high stand density functions as a predis-

posing factor for tree damage or death from defoliating insects. Once partially 

defoliated, the weakened tree is attractive to bark beetles such as Douglas-fir 

beetle (Wickman 1978) that carry blue-stain fungus. The fungus blocks water 

and sap movement in the tree and causes foliage desiccation. In this model of 

tree decline, suppression is a predisposing factor; defoliating insects and bark 

beetles are inciting or contributing factors (Pedersen 1998). 

Plant Defensive Chemicals And Bark-Beetle Susceptibil ity  

Dense tree stands exist in a sort of perpetual physiological drought because there 

is not enough soil moisture to meet the water needs of all trees; silvicultural treat-

ments are used to alleviate moisture stress, and allow residual trees to survive and 

continue growing. Trees in low-density stands exposed to climatic drought would re-

spond favorably to increased soil moisture when precipitation improved, but this 

outcome would not occur for high-density stands subjected to the chronic, competi-

tion-induced stress associated with physiological drought. 

“A considerable body of evidence indicates that environmental stress (primarily 

water stress) renders pines, spruces, and firs more susceptible to bark beetle inva-

sion by a general reduction in oleoresin flow, and, at least in some conifer species, 

the induced response to bark beetle attack is diminished under stress conditions.” 
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“Both light and water stresses diminish the ability of grand fir trees to produce oleo-

resin, thereby suppressing the efficacy of this line of defense” against bark beetles 

and other attacking organisms (Lewinsohn et al. 1993). And for mixed-conifer forests 

in western Montana, recent research suggests that a combination of thinning and 

prescribed fire produced the highest resin flow response in the residual trees (i.e., 

the thin-and-burn treatment produced a higher resin flow response than the thin-

only treatment) (Six and Skov 2009). 

According to research conducted in ponderosa pine ecosystems in the southwest-

ern U.S., high-density stands experiencing physiological drought are relatively un-

able to take advantage of favorable precipitation years because they are already se-

verely stressed from intertree competition (McDowell et al. 2006). A similar response 

would be expected for northeastern Oregon and southeastern Washington because 

precipitation conditions are seldom optimum there, particularly as compared to the 

wet forests of western Oregon, where precipitation is much more abundant. Thus, 

active management of Eastside forests should attempt to create and maintain low-

stress conditions in terms of soil moisture availability, and this strategy will become 

even more relevant in a warmer and dryer future created by climate change. 

Since many bark beetle species are adept at preferentially seeking out stands 

experiencing physiological drought (Filip et al. 1996), perhaps by interpreting the 

chemical cues emitted by stressed trees, thinnings could effectively alleviate a phys-

iological drought condition while simultaneously reducing bark-beetle vulnerability 

by modifying a stand’s chemical-cue signature. 

Additional Information 

A good synthesis paper about the influence of thinning and other density man-

agement practices on prevention or control of bark beetle infestations in western co-

nifer forests is provided by Fettig et al. (2007). A similar summary paper about in-

teractions between fire, insects, and pathogens is supplied by Parker et al. (2006). 

Useful syntheses about relations between fuels, fire behavior, and beetle-attacked 

forests are provided by Bentz et al. (2010), Hicke et al. (2012), Jenkins et al. (2008, 

2012), and Simard et al. (2011). 

There is a rich and varied literature examining interactions between bark bee-

tles and active forest management practices (in addition to citations in sections 5.8 

to 5.10, the References section of this white paper provides many other sources 

about this topic). Gast et al. (1991) provides detailed discussions for major bark bee-

tles of the Blue Mountains, including possible management response to their impact. 

British Columbia’s Bark Beetle Management Guidebook (British Columbia Ministry 

of Forests 1995a) is also a useful reference. 

Don Scott, retired entomologist, recently prepared a synthesis document describ-

ing interactions between insect disturbance agents and moist forests of the Blue 

Mountains (Scott 2010). 
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5.11 Wildfire 

It may not be too fantastic to consider the day when we shall 

wonder whether fire, in some form at least, has not been a friend 

masquerading as a foe. W.J. Bloomberg, Fire and Spruce, 1950 

Fire is a major disturbance process shaping the composition, structure, and den-

sity of many forest, shrub, and herb communities (Brown and Smith 2000). For at 

least the last twelve thousand years, wildfire has been a primary disturbance pro-

cess influencing plant succession in the interior Pacific Northwest (Habeck 1976). 

Fire regime is a useful concept for understanding fire’s historical role in the ecosys-

tem, including the effects of aboriginal burning (Agee and Maruoka 1994). “A fire 

regime is intended to characterize the features of historic, natural fires that have 

been typical for a particular ecosystem or set of ecosystems” (Pyne et al. 1996). 

Fire regime characterizes a fire environment – how fire functions and its effect 

on the vegetation. For forested ecosystems, at least six factors are used to describe a 

fire regime (Agee 1993, Pyne et al. 1996): 

 Fire frequency (how often fire occurs); 

 Fire intensity (typically expressed as flame length); 

 Fire severity (how much of the overstory vegetation is killed); 

 Burned area (annual area burned, as a percentage); 

 Fire size (typical fire extent, in acres); 

 Fire timing (season when fire typically occurs). 

Five coarse-scale fire regimes have been defined for the United States. They are 

used with a national assessment protocol to evaluate how existing vegetation condi-

tions depart from reference conditions. This fire regime condition class (FRCC) pro-

tocol defines five fire regime groups by using two factors: fire frequency and fire se-

verity (table 11, Barrett et al. 2010). 

Table 11 summarizes selected characteristics for four of the five fire regimes; fire 

regime V is not included in table 11 because it is uncommon in the Blue Mountains. 

Figure 43 shows the distribution of historical fire regimes for the Umatilla National 

Forest in the 1880s. This figure was derived from General Land Office survey notes 

by interpreting the witness or bearing tree information recorded at section corners 

and along section lines (Powell 2008c). 

Moist upland forests have a mixed-severity fire regime (Fire Regime III in table 

11). At the coarse level of the FRCC protocol, fire regime III includes a wide fire fre-

quency range of 35 to 200+ years. At the finer scale of the Blue Mountains, fire re-

gime III is believed to have three variants or sub-regimes: IIIa (fire frequency of 50 

years or less), IIIb (fire frequency of 51 to 100 years), and IIIc (fire frequency of 

greater than 100 years) (Evers 2002). Figure 44 displays fire return interval ranges 

by fire regime, with fire regime III split into its a, b, and c variants. 
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Figure 43 – Historical fire regimes of the Umatilla National Forest in the 

1880s (wide green line shows the current location of Interstate 84 between 

Pendleton and La Grande). This map was derived from General Land Office 

survey notes collected primarily between 1879 and 1887. Bearing tree infor-

mation from section corners and quarter-corners were analyzed to determine 

the presence and density of individual tree species, and by using geostatisti-

cal techniques to spatially interpolate between these points. Combinations of 

tree species were examined by ecologists and assigned to their corresponding 

ecological systems, a system used by the Nature Conservancy for vegetation 

classification (Comer et al. 2003). The ecological systems were cross-walked 

to their respective fire regimes by the author of this white paper. Powell 

(2008) provides detailed information about how the GLO survey notes were 

used to prepare an historical vegetation map for the Umatilla NF. 

Table 11: Selected characteristics for historical fire regimes of the Blue Mountains. 

 HISTORICAL FIRE REGIMES *  

Fire Regime Characteristic I II III IV 

Fire return interval (mean; in years)1 < 25 < 35 35-100+ 35-100+ 

FRCC: fire frequency interval2 0-35 years 0-35 years 35-200+ yrs 35-200+ years 

Fire severity on upper canopy layer3 Low Replacement Mixed Replacement 

Upper canopy layer mortality3 ≤ 25% > 75% 26-75% > 75% 

FRCC: fire severity name2 Low/Mixed Replacement Mixed/Low Replacement 

Fire intensity adjective4 Low Low-Moderate Moderate-High High 

Fireline intensity (flame length; feet)5 < 3 < 3 3-10 > 10 

Fire Regime I

(555,098 acres; 37%)

Fire Regime II

(85,350 acres; 6%)

Fire Regime III

(814,149 acres; 54%)

Fire Regime IV

(45,180 acres; 3%)

Pendleton

La Grande

Washington

Oregon
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 HISTORICAL FIRE REGIMES *  

Fire Regime Characteristic I II III IV 

Fuel component driving fire spread4 Surface Surface Surface/canopy Canopy 

Ecosystem example4 
Ponderosa 

pine 

Grassland/ 

shrub 

Moist mixed-

conifer forest 

Subalpine 

forest 

Historical burned area (percent)6 75 5 15 5 

Estimated fire size (acres)7 1-3,000 Unknown 1-10,000 1-5,000 

Measured fire size (acres)8 2,950 Unknown 900 Unknown 

Fire size variability (acres; min-max)9 50-19,960 Unknown 250-1,940 Unknown 

Fire timing (seasonality)10 
Summer 

and autumn 

Spring and 

summer 

Summer 

and autumn 

Summer 

and autumn 

* Historical fire regime (FR) is a characterization of the historical combination of fire fre-

quency and severity under which plant communities evolved and were maintained (Schmidt 

et al. 2002). Five fire regimes are currently recognized (Barrett et al. 2010): 

Fire regime I: 0- to 35 year fire frequency; low or mixed severity on upper canopy layer. 

Fire regime II: 0- to 35 year fire frequency; replacement severity on upper canopy layer. 

Fire regime III: 35- to 200 year fire frequency; mixed or low severity on upper canopy. 

Fire regime IV: 35- to 200+ year fire frequency; replacement severity on upper canopy layer. 

Fire regime V: 200+ year fire frequency; replacement severity on upper canopy layer. 

Notes: FR V is uncommon in the Blue Mountains and not included in the table. FR III is 

shaded in gray because moist forests, the subject of this white paper, are assigned to FR III. 
1  Fire return interval (years) is the frequency between successive fire events; table data is 

based on Hall (1976), Heyerdahl and Agee (1996), Maruoka (1994), and Schmidt et al. (2002). 
2  FRCC (fire regime condition class) is a process for evaluating whether current conditions de-

part from historical reference conditions and, if so, the magnitude of the departure; the FRCC 

frequency and severity names, by fire regime group, are taken from Barrett et al. (2010). 

When more than one fire severity is shown (Low/Mixed), the first one listed is predominant. 
3  Fire severity on upper canopy layer is the effect of fire on dominant plants: no more than 

25% of upper canopy layer plants are killed by low-severity fire, whereas 75% or more are 

killed by replacement fire; mixed-severity fire has survival percentages between these values 

(the 25% and 75% thresholds were established by FRCC; see Barrett et al. 2010, page 99). 
4  Fire intensity, fuel component, and ecosystem example were taken from Keeley et al. 

2009 (table 1 in that source). When more than one intensity adjective is shown (Moderate-

High), the first one is assume to be predominant. 
5  Fireline intensity refers to the energy release rate of a fire. Since intensity is generally pro-

portional to flame length, fireline intensity is frequently expressed as a flame length, in feet. 

Table data were taken from Agee (1996b). 
6  Historical burned area is an estimate of annual burned area (percent) for the Blue Moun-

tains area prior to Euro-American settlement; table data were adapted from Agee (1996b). 
7  Estimated fire size provides an indication of average wildfire extent (in acres) for the Blue 

Mountains, as derived using an expert panel approach involving 50 employees from the Mal-

heur, Umatilla, and Wallowa-Whitman National Forests (Johnson 1993). 
8  Measured fire size provides an indication of average wildfire extent (in acres) from a Blue 

Mountains fire history study (Heyerdahl and Agee 1996, Heyerdahl 1997). 
9  Fire size variability shows how historical wildfire extent varied (in acres) from a Blue 

Mountains fire history study (Heyerdahl and Agee 1996, Heyerdahl 1997). Note that the fire 

size variability characteristic might have been influenced by the number of fires sampled (fire 

regime I included 210 fires, but fire regime III included only 8 fires), and because the mapped 

fire extent was truncated at the study area boundary for some of the sampled fires. 
10 Fire timing refers to the typical season of fire. Table data were taken from Agee (1996b). 
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Figure 44 – Distribution of fire return interval ranges for fire regimes (FR) of the Blue 

Mountains. When Stephen Barrett examined mean fire return intervals (MFRI) for mixed-

severity fires of the northern Rocky Mountains, he found that fire regime IIIa had a MFRI of 

32 years, fire regime IIIb had a MFRI of 73 years, and fire regime IIIc had a MFRI of 135 

years (Barrett 2004b: table 1, p. 33). Barrett compiled a database of published and unpub-

lished fire history studies for the northern Rockies (his study area includes the Blue Moun-

tains), and he found that 60% of the area experienced mixed-severity fire, with only 13% of 

the area having nonlethal fire and the remainder (27%) with lethal (stand-replacing) fire. 

Notes for (1) and (2): The range of mean fire return interval for fire regimes III and IV is 

not shown as extending below 35 years, which agrees with national policy (Barrett et al. 

2010). However, it is certainly possible for this to happen, as demonstrated by Barrett’s 

study of the mixed-severity fire regime in the northern Rocky Mountains – his fire regime 

IIIa samples had a MFRI of less than 35 years (32 years, specifically) (Barrett 2004b). 

As its name implies, the mixed-severity fire regime features a mix of fire severi-

ties, ranging from low severity (underburns) to patches of replacement severity 

(crown fire in some circumstances), all occurring as an intricate mosaic within a sin-

gle fire perimeter. “A single fire may create patches of several types, consuming 

some stands in intense crown fires, burning others with cooler surface fires, and 

leaving unburned islands within burned areas” (White et al. 1999). 

Conceptually, a mixed-severity fire regime could result from at least three differ-

ent scenarios (and all three scenarios probably occur somewhere in North America): 

1. Many trees are killed by mostly surface fire, but quite a few others of fire-

resistant species or large size survive, resulting in upper canopy layer mortality 

of 26 to 75% (table 11). In some sources, this situation is referred to as a ‘moder-

ate’ fire regime because it results in moderate amounts of overstory tree mortali-

ty. This result occurs not because intensity (flame length) varies across a burn 

area, causing variable mortality – it reflects varying fire tolerance due to a mix of 

thick- and thin-barked species, or because trees of widely varying size within a 

single species (seedlings/saplings to mature veterans) occur in an area. 

2. Severity between successive fires on the same area varies temporally between 

low and mixed. One fire event may cause overstory mortality of less than 25%, 

whereas the next fire could kill 26 to 75% of the overstory trees. In some sources, 

this regime is termed ‘variable’ because it alternates between more than one se-

verity class. Note that this variable fire regime is being found more often than 

previously thought for ponderosa pine forests of the southern Rocky Mountains 

                          

  (1)                      

  (2)                      

                          

                          
|   | | | |  | | | |  | | | | | | | | |      

0 10 20 30 40 50 60 70 80 90 100 110         120 130 140 150 160 170 180 190 200  

Mean Fire Return Interval (Years)  

IIIa IIIb IIIc

Mean Fire Return Interval (Years)

IVa IVb IVc

FR II

FR I

FR V



 

 114 

(Colorado Front Range and Black Hills) and interior Pacific Northwest (Baker 

and Ehle 2001, Lentile et al. 2006, Sherriff and Veblen 2006). 

3. More than one severity type occurs within the same fire perimeter. This variant 

is the classic incarnation of mixed-severity fire defined in the paragraph intro-

ducing this section because a mix of fire severity occurs, ranging from low in 

some areas to patches of replacement in others, and all of the severities occur as 

an intricate mosaic within a single fire perimeter (and during a single fire event). 

The primary sources of this variation are driven by local, fine-scale, bottom-up 

fire behavior factors: topography and fuels. 

Variabil ity In The Mixed-Severity Fire Regime 

Historically, low-to-moderate severity fires were an important component of the 

mixed-severity regime (Agee 1993, Brown and Smith 2000) – these are FR IIIa and 

IIIb sites (figs. 45-47). Research in many portions of the interior Pacific Northwest 

has often shown that mixed-severity regimes have more variability in fire frequency 

and severity than previously thought. And, it is interesting that variability was even 

encountered for some of the coldest and wettest sites in FR III – the FR IIIc sites – 

as described in the next paragraph for subalpine fir and silver fir sites in the eastern 

Cascade Mountains of central Washington. 

 “Fire-return intervals for the subalpine fir zone within the study area were his-

torically more frequent and less severe than those ascribed to this vegetation zone in 

other regions. Unpublished fire history data from 24 subalpine and silver fir series 

stands in the Entiat watershed, about 65 miles north and somewhat west of the 

study area also corroborate that, east of the Cascades Crest, fires were not uniformly 

infrequent, stand replacing events. Of these 24 stands, 13 had fire return intervals 

of 100 years or less. Seven had fire return intervals between 100 and 200 years; only 

4 showed fire return intervals greater than 200 years” (Camp 1999). 

The results from Camp (1999) suggest that, in a manner similar to recently de-

scribed variability for low-severity fire regimes (item 2 on the previous page de-

scribes fire-regime variability for ponderosa pine forests), there may have been more 

variability in fire return interval for mixed- and high-severity regimes (e.g., fire re-

gimes III, IV, and V) than was previously appreciated. The high amount of variabil-

ity associated with the mixed-severity regime (FR III) led to this recommendation: 

“the mixed severity bin is large, spanning fires that range from surface to crown fire 

dominated. Leaving the existing mixed severity fire class intact probably has limited 

utility. Instead, it would be useful to managers if fire and landscape ecologists ex-

plored the mixed severity fire continuum and erected finer classes reflective of the 

comparative roles of surface and stand replacing fires, thereby giving managers 

more insight about how they might vary and distribute management intensities” 

(Hessburg et al. 2007, p. 21). [This recommendation makes a compelling case for es-

tablishing subregimes for the mixed-severity regime, such as the fire regimes IIIa, 

IIIb, and IIIc shown in fig. 44.] 
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Figure 45 – Open stand of ponderosa pine and western larch (from 

Cowlin et al. 1942; photograph by Ray Filloon in 1936). Open, mixed-

species stands containing western larch and ponderosa pine were fire 

influenced. Ecologically, stands similar to this one occur at the moist 

end of the dry-forest zone (fire regime I), or at the dry end of the 

moist-forest zone (fire regime IIIa). Note that a large-diameter west-

ern larch in the middleground (right of center) has obvious brooming 

caused by larch dwarf mistletoe parasitism. 
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FIRE SEVERITY PERCENTAGES BY FIRE REGIME 

 FIRE REGIME I FIRE REGIME III FIRE REGIME IV 

Low: 60-90 20-50 10-20 

Moderate: 20-60 50-70 20-60 

High: 10-20 20-50 60-90 

Figure 46 – Predicted percentages of fire severity by fire regime (adapted from 

Agee 1998, and as reported in Powell 2012). Low, moderate, and high severity are 

defined in table 11, and they reflect low (< 25%), moderate or mixed (25-75%), 

and high or replacement (> 75%) mortality effects on the overstory tree cohort. 

Note: Agee (1996b) defined three fire regimes for the forested portion of the Blue 

Mountains: low (FR I), moderate (FR III), and high (FR IV). His estimate of the 

historical occurrence of the three fire regimes, as based on the distribution of his-

torical forest types, is: Low – 80% of forested area; Moderate – 15% of forested 

area; and High – 5% of forested area. 

Other areas in the western U.S. also have short fire return intervals (FRI) for 

relatively moist, mixed-conifer sites. Consider the Illilouette Creek basin in Yosemi-

te National Park – the basin has a Mediterranean climate with cool, moist winters 

and warm, dry summers (precipitation averages 100 cm and occurs predominantly 

as snow). The historical fire regime consisted primarily of frequent surface fires, 

with a mean FRI of 6.3 years and a fire rotation (the length of time required to burn 

a cumulative area equal to the basin’s area) of about 25 years. But the species com-

position associated with this fire regime is interesting because forests in Illilouette 

Creek basin are dominated by Jeffrey pine, white fir, red fir, and lodgepole pine, and 

most fire ecologists would not expect true firs and lodgepole pine to be associated 

with a surface fire regime featuring a mean FRI of 6.3 years (Collins et al. 2009). 
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The variable fire effects associated with a mixed-severity fire regime make sub-

stantial contributions to landscape heterogeneity (Hessburg et al. 2007, Perry et al. 

2011). Mixed-severity fire studies suggest that stand-replacing fire effects were a 

component of Blue Mountain moist forests, but at relatively low proportions across 

the landscape (~5 to 15 percent) (Agee 1996b, 1998) and consisting mostly of small 

patches (often less than 10 acres or 4 hectares), but with a few large patches (~150 

acres or 60 hectares) also created. 

Based on mixed-severity fire regime studies, it appears that moist-forest land-

scapes with active fire regimes included representation of relatively dense, even-

aged tree stands and shrub patches (including mixtures of snowbrush ceanothus and 

Scouler willow), as well as minor representation of open, park-like, multi-age stands 

such as the mixture of ponderosa pine and western larch depicted in figure 45. 

Fire Regime IIIa  

As reported for other portions of the western U.S. (Hessburg et al. 2007, Schoen-

nagel et al. 2004), fire history research in the Blue Mountains suggests that some of 

the dry forest may have had a variable fire regime (i.e., it may have exhibited varia-

tion in fire return intervals) (Heyerdahl 1997, Heyerdahl et al. 2001, 2002, 2008). 

When Heyerdahl studied fire regimes for four sites oriented on a broad, north-south 

transect traversing the Blue Mountains, she found that at the southern site, most of 

the fire return intervals were less than 25 years, whereas only half of the intervals 

were less than 25 years for the northern site. The maximum interval decreased from 

north to south: the Tucannon site (northernmost area, and in the maritime climatic 

regime) had the largest range of fire interval, and the Dugout site (southernmost ar-

ea, and in the continental climatic regime) had the smallest range (Heyerdahl 1997). 

The Heyerdahl (1997) study suggests that Blue Mountains mixed-conifer forests 

include a wide spectrum of fire frequency and severity, ranging from an area that is 

obviously a good example of fire regime I (the Dugout site), to an area (the Tucannon 

site) best assigned to fire regime IIIa (fig. 44). And, her study corroborates that 

mixed-severity sites (FR III) can experience almost as much surface fire as low-sev-

erity (FR I) sites – see the low-severity percentages for fire regimes I and III in fig. 

46 (FR I had 60-90% for low severity, and FR III had 20-50% for low severity, so only 

10% separates the low end of FR I (60%) from the high end of FR III (50%)). 

Fifteen Blue Mountain sites were sampled to survey fire frequency in stands 

ranging from Douglas-fir to dry grand fir associations (Maruoka 1994). Current 

stand structure at 80% of the sites had an overstory dominated by ponderosa pine, 

with Douglas-fir and grand fir as understory dominants. Pulses of Douglas-fir and 

grand fir establishment occurred after the last recorded fire at 53% of the sites, 

while establishment pulses occurred between years of recorded fires at 47% of the 

sites. Fire scar analyses revealed high variability in fire return intervals. Mean fire 

intervals at each site ranged from 9.9 years to 49 years. Individual fire return inter-

vals ranged from 2 to 119 years, but may be influenced by sampling limitations. 
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Figure 47 – Illustration of the ASIO model of fire occurrence (concept deriv-

ed from Angelstam 1998, and Kuuluvainen and Grenfell 2012; diagram 

adapted from Boise Cascade Corporation 1996). In this model of fire occur-

rence, the landscape is divided into four zones by using a site moisture and 

soil fertility gradient. The four zones, moving from right to left, are: A (Ab-

sent, where fire theoretically does not occur, or it occurs with an extremely 

long recurrence interval); S (Seldom, where fire is acknowledged to occur but 

with a long recurrence interval – perhaps analogous to fire regime IIIc for 

moist forests of the Blue Mountains); I (Infrequent, where fire occurs with a 

moderate recurrence interval – possibly analogous to fire regime IIIb for 

moist forests); and O (Often, where fire occurs with some regularity – proba-

bly analogous to fire regime IIIa for moist forests). The ASIO model might 

function as a template for active management practices designed to emulate 

the assumed effects of fire frequency and severity on moist-forest species 

composition, forest structure, and stand density. 

The Maruoka (1994) study demonstrates that a predominance of ponderosa pine 

in the overstory composition does not allow one to automatically assume that fire 

regime I is present – her sample sites with longer fire return intervals are probably 

best assigned to fire regime IIIa. And her study, along with the Heyerdahl (1997) 

results, demonstrate that the model typically assumed for fire regime I sites – fre-

quent, low-severity surface fires occurring on a regular and predictable cycle (Arno 

1980, Cooper 1960, Hall 1977) – is not generally applicable to the mixed-severity fire 

regime, although certain aspects of it may apply to the IIIa portion of fire regime III. 
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When the drier end of the moist-forest spectrum (e.g., the IIIa variant of fire re-

gime III) was examined in another study, it was found that management-ignited fire 

tends to be smaller than historical fire, suggesting that the spatial scale of manage-

ment fires is inappropriate. In other words, prescribed fires need to be larger if one 

of the objectives is to mimic fires that burned during the historical era on fire regime 

IIIa sites (Taylor 2000). Many other fuel treatment studies identified fire regime IIIa 

sites as having a high restoration need (Schoennagel and Nelson 2011): “this experi-

ence suggests it is impossible to administer enough small low-intensity burns to re-

duce accumulations of surface fuel in a dense mixed-conifer forest over a landscape 

scale of management” (Goforth and Minnich 2008). 

Fire Regime IIIb 

Fire regime IIIb has longer fire-return intervals than either fire regime I (< 25 

years) or fire regime IIIa (≤ 50 years) sites. This means that average fire frequency 

tends to be intermediate for FR IIIb sites – minor portions may burn at a frequency 

of less than 50 years, the majority burns at a modal frequency of 51-100 years, and 

minor portions may burn at a frequency of more than 100 years. Once again, this 

variability is a hallmark of mixed-severity ecosystems. 

The effect of variable fire-return intervals depends on the overstory vegetation 

and how well adapted it is to survive fire – its ‘fire tolerance’ or ‘fire resistance.’ We 

can expect forest recovery to be slow in the high-severity portions of a mixed-severity 

fire, particularly for areas where the pre-fire composition was dominated by species 

with low fire resistance (table 9). Initially, high-severity areas will support herba-

ceous vegetation (forbs and grasses) and shrubs. But even in high-severity areas 

with high amounts of tree mortality, research has shown that regeneration is still 

effective enough to restore tree dominance by 30 to 40 years after the fire (fig. 48). 

Fire Regime IIIc  

The long-interval portion of the mixed-severity regime (fire regime IIIc) has 

characteristics in common with the lower subalpine forest zone (fig. 49). Fires in 

these environments depend on strong winds, accumulations of dry fuel, low relative 

humidities, and moderate to high temperatures. These burning conditions may only 

occur for short periods, not just within one fire season but perhaps only once every 

few decades, except during a regional-scale drought when severe fire weather may 

occur for several years in a row. Large fires associated with fire regime IIIc sites 

tend to have top-down weather controls rather than bottom-up fuel controls (Agee 

1998, Bessie and Johnson 1995). [Note that weather is considered to be a top-down 

control because it exerts a spatially consistent influence across large areas; fuel is a 

bottom-up control because its influence is spatially variable (Parks et al. 2012).] 

Usually when weather and fuel conditions are conducive to fire spread for fire 

regime IIIc sites, equally dry or drier conditions are present at lower elevations in 

the fire regime I, II, IIIa, or IIIb areas. High risk at lower elevations results in re-

gional fire danger such that fires are typically suppressed everywhere, even though 
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fires burning under severe weather conditions could be viewed as ecologically desir-

able, and burning within their historical range of variation, for fire regime IIIc sites 

(and this would be true even during drought periods). [But as described in the Cli-

mate Change section (5.15), progressively earlier snowmelt may extend fire seasons 

in high-elevation forests by increasing the length of time that fuels are dry enough 

for sustained fire spread (Karl et al. 2009, Westerling et al. 2006).] 

 

Figure 48 – Plant succession following a stand-replacing fire in south-central 

Idaho (adapted from Lyon 1971). [Prescribed crown fire occurred on a moist 

site dominated by Douglas-fir, with associated lodgepole pine, subalpine fir, 

Engelmann spruce, and quaking aspen. Dominant undergrowth species in-

cluded Rocky Mountain maple and mountain snowberry.] Herbaceous plants 

initially dominate a stand-replacing wildfire area. As succession proceeds, 

shrubs peak by the second decade and trees become dominant between 30 

and 40 years later. Note that trees were already established in the post-fire 

community by the fourth year – a good example of the initial floristics forest 

development pattern (Oliver and Larson 1996, Powell 2000). 

Effects Of Fire Suppression On Mixed -Severity Fire Regimes  

In forests with mixed-severity fire regimes, heterogeneity within individual 

stands, and among stands at a landscape scale, was maintained through variability 

in fire frequency and severity (fig. 50). Modern fire-fighting technology, in combina-

tion with other changes caused by anthropogenic influences, allowed many fires of 

low or moderate intensity to be suppressed over the previous 75 to 100 years (Arno 

et al. 2000, Barrett 2004a, Brown et al. 2004, Keane et al. 2002). Some of the fire 

suppression activity occurred in the moist-forest zone, but the remainder occurred in 

dry or cold forests, which still influences the mixed-severity regime by suppressing 

fires that eventually would have burned into moist forests. 
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Figure 49 – Examples of fire re-

gime IIIb and IIIc sites. The upper 

photograph shows an example of 

the grand fir/queencup beadlily 

plant association; the lower photo-

graph shows an example of the 

subalpine fir/false bugbane plant 

association. In a potential vegeta-

tion context, the temperature/ 

moisture regime for both of these 

plant associations is cool and 

moist, and they are assigned to the 

Cool Moist plant association group 

(PAG). The Cool Moist PAG in-

cludes a total of 21 potential vege-

tation types (consisting of plant 

associations, plant communities, 

and plant community types). The 

Cool Moist PAG is assigned to the 

Moist Upland Forest potential 

vegetation group (PVG); PVG is 

the next higher level (above PAG) 

in a potential vegetation hierar-

chy. Since the Cool Moist PAG was 

assigned to the Moist PVG, this 

signifies that the potential vegeta-

tion types in this PAG are influ-

enced more by moisture than by 

temperature (Powell et al. 2007). 

The grand fir/queencup beadlily 

site (upper photo) is believed to be 

best assigned to the IIIb fire re-

gime variant; the subalpine fir/ 

false bugbane site (lower photo) is 

believed to be best assigned to the 

IIIc fire regime variant. These as-

signments of plant association to 

fire regime are tentative because 

fire history studies are lacking for 

these biophysical environments. 
 

One outcome of modern fire suppression activity is that for certain portions of 

the mixed-severity landscape, the historic fire regime may have been altered due to 

fire suppression (Amoroso et al. 2011). “A study of fire regimes in Glacier National 

Park concluded that fire suppression had been very effective in areas that previously 

had a mixed-severity fire regime, but much less effective in areas of stand-replace-

ment fire regimes (Barrett et al. 1991). A detailed study of the entire inland portion 

of the northwestern United States also concluded that areas historically under a 

nonlethal or mixed-severity fire regime have now shifted toward stand replacement 

regimes (Morgan et al. 1998; Quigley et al. 1996)” (Arno et al. 2000, p. 227). 
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Figure 50 – Examples of mixed-severity and replacement fire. Proceeding clockwise from upper left: 

top left image shows mixed-severity fire effects in the Boundary fire, which occurred in 1994 (on the 

boundary of the Umatilla and Wallowa-Whitman national forests, North Fork John Day and La 

Grande ranger districts). Top right image shows mixed-severity fire effects at very high elevations of 

the Summit fire, which occurred in 1996 (North Fork John Day Ranger District, Umatilla National 

Forest). Lower right image shows mixed-severity fire effects in the Biscuit fire, Rogue River-Siskiyou 

National Forest, southwestern Oregon. Lower left image shows large areas of replacement fire 

severity in the Summit fire, depicting a dramatic contrast to the mixed-severity fire effects portrayed 

in other images. Image credits: T.A. Spies for Biscuit fire (from Halofsky et al. 2011); all others by 

D.C. Powell. 

Observations of recent stand-replacement fires (such as Yellowstone National 

Park (YNP) in 1988) revealed that they burn in a heterogeneous manner even under 

extreme conditions (Turner et al. 1994). And note that actual fire environments in 

YNP during extreme weather conditions (e.g., dry periods resulting in 13% fuel 

moisture levels for 1000-hour fuels) were observed to be influenced primarily by 

fuels, not by strong winds (Hargrove et al. 2000). 

These fire regime shifts reflect suppression of historically wide-ranging wildfire 

activity, as evidenced by the Barrett et al. (1997) study identifying 35 large fire epi-

sodes between 1540 and 1940, with most of their fire dates recorded across large 

portions of the interior Columbia River basin. The study also noted that “major fires 

prior to 1900 burned more area than any fire year since” (but this statement does 

not reflect fire activity occurring after the mid 1990s) (Barrett et al. 1997). 
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Perhaps the most important influence of fire suppression activity on the mixed-

severity fire regime is its impact on patch size and spatial pattern at a landscape 

scale. “Stand-replacing fire events historically occurred at the stand scale (10-100 

ha), not the landscape scale (>1000 ha), and served the purpose of creating scattered 

small to medium-sized patches on the larger landscape” (Wright and Agee 2004, p. 

455). “On landscapes such as large wilderness areas, the effects of fire exclusion tend 

to include greater uniformity in stand ages and in stand composition and structure, 

together with a declining diversity of undergrowth species (Arno et al. 1993; Keane 

et al. 1996). The intricate, fine-grained landscape mosaic of diverse stand structures 

and compositions will be replaced by a coarser pattern of even-aged stands” (Arno et 

al. 2000, p. 227). 

For much of the interior Columbia River basin, there has been a dramatic in-

crease in the amount of closed, mid-age forest, including for the warmer and drier 

portion of the moist-forest biophysical environment (these are fire regime IIIa and 

IIIb sites). For ecosystems evolving with occasional, fine-scale, replacement fire se-

verity, the recent exclusion of low and mixed severity fires may lead to increased 

frequency, and perhaps most importantly, more spatially contiguous replacement 

fire than was experienced historically (Hessburg et al. 2007, Quigley et al. 1996). 

One result of fire suppression is that for any individual moist-forest stand select-

ed at random, especially if it features a mid- to late-seral composition and structure, 

it may not seem to be outside of the range of variation, but a lack of mixed-severity 

fire for a century or more (in some areas) has certainly resulted in a paucity of 

young, post-fire vegetation patches at a landscape scale. “But lack of fire is also a 

major force for change in moist forests where effects are more subtle and have been 

confused to some extent by aggressive harvesting of seral species plus the impacts of 

the blister rust fungus” (Harvey et al. 1999, p. 138). 

Species composition in moist forests represents a spectrum of fire tolerance and 

fire resistance (table 9). Changes caused by fire exclusion are not as significant for 

moist mixed-conifer forest as for dry mixed-conifer forest (see Powell 2012a), but fire 

suppression activities have affected the dry end of the moist-forest zone (these are 

fire regime IIIa sites) and contributed to increased establishment of shade-tolerant, 

fire-susceptible species, along with associated increases in landscape homogeneity 

and fuels connectivity (Arno et al. 2000). “The resulting low fuel accumulations and 

continuity in mixed-conifer stands repeatedly ‘thinned’ by low intensity insect out-

breaks and surface fires probably prevented or postponed catastrophic stand re-

placement by high-intensity outbreaks or fires” (Swetnam et al. 1995, p. 24). 

Stands are generally comprised of cohorts (Oliver and Larson 1996), and it is typ-

ical for moist-forest stands to contain several cohorts, each of which would have orig-

inated during a different time period (and therefore has a different age). A common 

example includes old-forest stands where the upper canopy stratum contains older 

trees with diameters greater than 21 inches dbh (the upper stratum is often a sepa-
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rate cohort with its own age class), along with younger cohorts occupying lower can-

opy strata. A multi-cohort stand structure can arise during normal successional pro-

cesses, but it can also reflect situations where low- or moderate-intensity disturb-

ance processes (such as low- or moderate-severity fires occurring within a mixed-

severity fire regime) have killed some of the overstory trees, but not the whole co-

hort. After growing space is liberated by these partial mortality events, a new tree 

cohort can get established, contributing to a multi-cohort stand structure. 

Studies of lodgepole pine forests growing on cold upland sites (fire regime IV) in 

the Yellowstone area (Romme 1982, Barrett 1994) “suggest that in systems in which 

infrequent crown fires dominated the presettlement disturbance regime, recent fire 

suppression has not fundamentally altered landscape dynamics” (White et al. 1999). 

However, much of the lodgepole pine forest type in the Blue Mountains occurs on 

moist upland sites (not cold upland sites), and it is more properly assigned to a 

mixed-severity, moderate-frequency fire regime (fire regime III). Studies examining 

species composition trends for moist-forest ecosystems with a mixed-severity fire re-

gime have often noted replacement of early-seral species (e.g., lodgepole pine, quak-

ing aspen) by late-seral species in the absence of fire (Wadleigh and Jenkins 1996).  

As is true for disturbance processes other than wildfire, and for biophysical envi-

ronments other than moist forest, the spatial context of a process or environment 

can influence the ultimate outcome. Often, moist-forest (FR III) patches occur within 

a larger matrix dominated by either dryer (FR I) or colder (FR IV) biophysical envi-

ronments. These moist-forest inclusions tend to have fire frequencies and severities 

much like those found in the surrounding matrix – in other words, characteristics of 

the matrix can overwhelm characteristics of the inclusions (Arno 1980). Small inclu-

sions of FR III located within a much larger expanse of FR I, for example, will tend 

to burn as though they too are FR I. Similarly, inclusions of FR IV within a larger 

matrix of FR III will tend to burn as though they are FR III. 

Are Fire Regimes Similar For Upland And Riparian Forests?  

“Riparian forests exist within a matrix of sideslope forests and the role riparian 

forests play in the propagation or suppression of fire disturbance on the landscape is 

poorly understood. Riparian areas with heavy fuel loading and fuel continuity may 

serve as conduits (disturbance corridors) for the rapid spread of fire (Agee 1993). 

Conversely, the more mesic riparian areas may serve as fire breaks in surface fires. 

The disturbance relationship between riparian and sideslope forests can be antici-

pated to change in different landforms and plant associations. We know there are 

many feedback loops between riparian and sideslope forest systems but we do not 

understand how closely the fire disturbance regimes of riparian and sideslope forests 

are intertwined” (Everett et al. 2003). 

“Pre-settlement forest structure and composition along first and second order 

streams in the Mixed Conifer zone resembled upland forests in the region. Given the 

historic continuity of fire disturbance between riparian forests and the adjacent up-
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lands (Everett et al. 2003, Olson and Agee 2005), it may be beneficial to permit par-

tial harvest treatments and prescribed fire in some riparian areas to allow the resto-

ration of desirable characteristics of the pre-settlement forest structure and compo-

sition. Treatments may include the creation of large canopy gaps, untreated ‘is-

lands’, clumps, and irregularly spaced trees. Because most riparian forests have not 

burned for 70-100 years, many trees that would have been killed by low- or moder-

ate-severity fires are now too large to be killed by low-severity prescribed fires” 

(Messier et al. 2012). 

Everett et al. (2003) came to a similar conclusion when they noted “our historical 

cohort information indicates reduced fire effects since the early 1900s have altered 

the number and age structure of cohorts in both sideslope and riparian forests, mak-

ing them more similar. Increased homogeneity (reduced patchiness) has negative 

attributes of increased continuity in fuels and insect hosts that create significant 

problems in the management of sustainable forests” (Everett et al. 2003, p. 45). 

The observation that forest composition and structure along low-order streams 

may not vary much from adjacent upland conditions (Dwire and Kauffman 2003, 

Messier et al. 2012) has also been noted for the Blue Mountains. “Olson (2000) found 

fire occurrence in riparian zones to be only slightly less frequent than on adjacent 

uplands in similar forest types in the Blue Mountains in Oregon” (Wright and Agee 

2004, p. 454). As Olson noted in her thesis: “Keeping fire out of the ecosystem will 

not only continue to alter the structure and vegetational composition of these ripari-

an forests, but will also allow the buildup of fuels that could result in unprecedented 

fire intensities, and subsequently higher fire severities, than were present in the 

system historically. If the goal of forest management is to restore historical disturb-

ance regimes to these forests, results from this study indicate riparian forests should 

be managed according to the historical fire regime of the forest type rather than dis-

tance from a stream” (Olson 2000, p. 78) (in this context, “distance from a stream” 

refers to a process of using designated buffer widths (in feet), varying by stream 

class, to establish riparian habitat conservation areas). 

Results from the Everett et al. (2003) research “indicate the percentage of shared 

fire disturbance between the riparian forest and the sideslopes is, in part, the com-

bined result of the riparian forest plant association group, the sideslope plant asso-

ciation groups, and the topography of the site” (Everett et al. 2003, p. 41). And a 

study examining Sierra mixed-conifer riparian vegetation (Russell and McBride 

2001) “showed that proximity to water exerted a greater influence on vegetation 

composition than did historical fire occurrence” (Kobziar and McBride 2006). 

Vegetation Response To Mixed-Severity Fire  

For at least the last several thousand years, fire has been an important initiator 

of forest succession in the interior Pacific Northwest. Fire severity in these forests 

varies from light surface fires to intense, stand-replacing crown fires. A stand-

replacing crown fire, which typically also includes a coupled surface fire, constitutes 
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one of the most severe disturbance events a moist-forest ecosystem experiences. Due 

to its severity, crown fire has occasionally been termed holocaustic. 

A holocaustic fire is one that: 1) kills the coniferous tree overstory, 2) reduces the 

tree-shrub understory and herb layers to ground level, and 3) consumes all of the 

dead organic material on the forest floor down to the mineral soil surface. Although 

holocaustic fire incinerates the above-ground portion of the forest community, the 

below-ground portion can remain intact and essentially undisturbed. Plants com-

prising the initial community following holocaustic fire have been classified as sur-

vivors, residual colonizers, and offsite colonizers (table 12; Stickney 1990). 

A mixed-severity fire often affects a large area supporting a wide diversity of 

plant species. Plants have varying degrees of fire resistance. A plant’s response to 

fire depends on factors such as the moisture content of soil and duff at the time of 

burning, the physiological stage of the plant (immature, mature, etc.), and the fire’s 

severity, particularly regarding the amount of heat that permeates the litter, duff, 

and upper soil layers (Crane and Fischer 1986, Stickney 1990). An important factor 

affecting a plant’s fire resistance is whether it regenerates vegetatively (survivor 

plants) or from off-site or buried seed (colonizer plants) (table 12) (Stickney 1990). 

Table 12 provides information about the fire response mode and seedling compe-

tition risk associated with 29 shrubs and herbs commonly associated with the 

mixed-severity fire regime in the Blue Mountains. Note that seven of the plants in 

table 12 pose a high risk of competing aggressively with planted conifer seedlings, 

and are collectively referred to as ‘competing vegetation.’ 

Historical Proxies For Fire Regime Characteristics  

Using historical proxies to estimate mean fire intervals or other attributes of the 

historical disturbance regime can be problematic for regimes featuring mixed-sever-

ity fire as a dominant process. It can be difficult to parse out the relative proportions 

of moderate- and high-severity burning in mixed-severity regimes because one of the 

legacies of large but infrequent high-severity burns is that they remove much of the 

evidence of previous low- or moderate-severity fire (Barrett et al. 1997). And even 

when excellent fire history information exists for specific sites within a mixed-sever-

ity regime, information may be lacking or missing for a larger landscape scale. 

Disturbance frequencies based on charcoal deposits in lake sediments are availa-

ble for several Blue Mountain locations (Hansen 1943, Mehringer 1997), but they do 

not account for important disturbance processes such as mountain pine beetle out-

breaks (unless an outbreak was followed by fire). Consequently, charcoal analyses 

tend to underestimate overall disturbance frequency by not being able to detect in-

sect outbreaks (Wong et al. 2003), and forest insects have affected substantially 

more area than wildfire (see fig. 18), at least during the modern era. But even with 

these caveats about proxies, there is a pressing need to consider long-term proxy 

records as a way to provide a long, temporal perspective (Willis and Birks 2006). 
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Table 12: Fire response mode and seedling competition risk ratings for common 

plants of the mixed-severity fire regime. 

PLANT SPECIES RESPONSE MODE COMPETITION RISK 

Bearberry (Arctostaphylos uva-ursi) Survivor Moderate 

Birchleaf spiraea (Spiraea betulifolia) Survivor Low 

Bracken fern (Pteridium aquilinum) Survivor High 

Bull thistle (Cirsium vulgare) Offsite Colonizer High 

Canada milkvetch (Astragalus canadensis) Residual Colonizer Low 

Canada thistle (Cirsium arvense) Survivor High 

Common chokecherry (Prunus virginiana) Survivor Low 

Common snowberry (Symphoricarpos albus) Survivor Moderate 

Dwarf rose (Rosa gymnocarpa) Survivor Low 

Elk sedge (Carex geyeri) Survivor High 

Fireweed (Epilobium angustifolium) Offsite Colonizer Moderate 

Heartleaf arnica (Arnica cordifolia) Survivor Low 

Low Oregongrape (Mahonia repens) Survivor Moderate 

Miners lettuce (Claytonia perfoliata) Residual Colonizer Low 

Northwestern sedge (Carex concinnoides) Survivor Moderate 

Oregon boxwood (Paxistima myrsinites) Survivor Low 

Pearly everlasting (Anaphalis margaritacea) Offsite Colonizer Low 

Pinegrass (Calamagrostis rubescens) Survivor High 

Red fescue (Festuca rubra) Survivor High 

Ross sedge (Carex rossii) Survivor High 

Scouler willow (Salix scouleriana) Residual Colonizer Moderate 

Showy aster (Aster conspicuus) Survivor Low 

Snowbrush ceanothus (Ceanothus velutinus) Residual Colonizer High 

Sticky currant (Ribes viscosissimum) Residual Colonizer Moderate 

Tailcup lupine (Lupinus caudatus) Residual Colonizer Low 

Watson willowherb (Epilobium ciliatum) Residual Colonizer Low 

Western hawkweed (Hieracium albertinum) Offsite Colonizer Low 

Western yarrow (Achillea millefolium) Offsite Colonizer Low 

Woods strawberry (Fragaria vesca) Survivor Low 

Sources/Notes: Plant Species include those observed to be abundant in post-fire plant commu-

nities after moderate- or high-severity burns in the central Blue Mountains; Response Mode is 

based on Strickler and Edgerton (1976) and other sources; Competition Risk is based on local 

experience. For the Response Mode item, survivors are sprouters and other plants capable of 

regrowth; colonizers are post-fire plants established from seed, with residual colonizers origi-

nating from onsite (burned) sources and offsite colonizers originating from non-burned sources 

(Stickney 1990). Species with high competition risk are capable of directly killing conifer seed-

lings; species with moderate risk may cause limited seedling mortality, but more commonly 

cause growth losses; plants with low risk cause limited growth losses and no seedling mortali-

ty. Plant nomenclature follows Botanical Resources Group (2002) and other sources. 

Atmosphere-Ocean Influences On Temporal Fire Patterns  

A recent increase in the literature dealing with fire climatology relates to im-

proved scientific understanding of broad-scale interactions between the ocean, at-
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mosphere, and regional or continental precipitation and temperature regimes (Hey-

erdahl et al. 2002, 2008). And superimposed on improved atmosphere-ocean under-

standing is mounting evidence of anthropogenic warming trends caused by green-

house gas emissions, and leading to recent increases in area burned and fire season 

length (Westerling et al. 2003, 2006). 

Temporal variations in historical climate records show an oscillating pattern be-

tween warm-dry and cool-moist periods over much of the Pacific Northwest (Dello 

and Mote 2010). Many of these variations are related to broad-scale patterns of cli-

matic variability referred to as the El Niño/Southern Oscillation (ENSO) and the 

Pacific Decadal Oscillation (PDO). During El Niño years (the warm phase of ENSO), 

the Pacific Northwest generally experiences drier and warmer than average winters 

and drought conditions during the growing season; La Niña years (the cool phase) 

typically bring cooler and wetter conditions than normal. 

The Pacific Decadal Oscillation is a longer-term fluctuation in weather patterns, 

tending to occur on a cycle of 15 to 35 years. Positive (warm) PDO events tend to di-

vert the jet stream northward and southward of the Pacific Northwest, causing 

storms to bypass this area. During negative (cool) PDO events, the jet stream is 

aligned with the Pacific Northwest, directing storms to the area. The PDO was in 

cool phases from 1900-1925 and 1945-1975, and in warm phases from 1925-1945 and 

1975-2007 (Pohl et al. 2002). 

ENSO tends to occur on much shorter temporal scales than PDO, but when PDO 

and ENSO are in warm phases simultaneously, they can have a reinforcing effect 

and winters in the Pacific Northwest can then be exceptionally warm and dry. When 

PDO and ENSO are in cool phases together, Pacific Northwest winters are especially 

cool and wet (Dello and Mote 2010). It is noteworthy that both ENSO and PDO ap-

pear to be increasing in intensity, and reversing phases more frequently, ostensibly 

in response to a 20th-century global-warming trend (Pohl et al. 2002). 

Very long temporal climate patterns (much longer than ENSO or PDO) have also 

affected fire patterns for mixed-severity fire regimes. When a large watershed in 

western Alberta was studied, it was found that climatic conditions were warmer and 

dryer before 1730, a period when the fire cycle averaged 50 years. Climatic condi-

tions were cooler and moister after 1730, and the fire cycle then lengthened to an 

average of 90 years (Johnson and Larsen 1991). 

In the mid 1980s, the western United States experienced a shift to more frequent 

and longer-burning fires, a shift which apparently corresponded to earlier snowmelt 

dates (Westerling et al. 2006). With predicted overall drying, continued earlier snow-

melt, and warmer temperatures resulting from climate change, western forests may 

experience increases in fire size and frequency, and in the amount of land area expe-

riencing high to extreme fire danger (Hurteau and North 2008). [And during the 

past decade, the western U.S. has seen at least 60 fires of 100,000 acres or more.] 
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The factors influencing wildfire occurrence and severity can be thought of as be-

ing controlled by bottom-up and top-down factors (perhaps in a similar conceptual 

framework to the stand-maintaining disturbance processes described in fig. 13) 

(Parks et al. 2012, Pierce et al. 2004). Fuel type, fuel abundance, and fuel distribu-

tion are all bottom-up controls, and they are amenable to modification by active 

management practices. Climate, however, particularly the broad-scale climatic 

trends represented by the ENSO and PDO patterns described above, are top-down 

controls over which we have no control (except for anthropogenic production of 

greenhouse gases and its effect on global climate change). 

Even in forests where restoration or climate mitigation activities have been ac-

complished, fires will still burn under extreme weather conditions, given an ignition 

source (Bessie and Johnson 1995, Parisien et al. 2011). But if restoration or mitiga-

tion activities have properly prepared an ecosystem for severe-weather wildfire, then 

we can reasonably assume that critical ecosystem components (such as composition-

al and structural attributes) will persist as inter-generational ecosystem memory. 

Native Americans And Fire 

Often, it is assumed that when Europeans arrived in the New World, American 

Indians sparsely occupied the land, the impacts of native peoples were minor, and 

landscapes were pristine. Although consensus about the pervasiveness of human in-

tervention is lacking, evidence suggests that effects of human management were ex-

tensive during the presettlement era (Anderson 2006, Bonnicksen et al. 1999, Botkin 

1995, Cronon 1996, Kay and Simmons 2002, Mann 2006, Stewart 2009). 

It is entirely possible that Blue Mountain forests were more primeval at the time 

of Euro-American settlement than before that era. When Columbus landed in 1492, 

it is estimated that North America (exclusive of Mexico and central America) sup-

ported at least 3.8 million Native Americans. By 1800, their numbers had been re-

duced to a million or less by measles, smallpox, cholera, influenza, and other Euro-

pean diseases (Denevan 1992, Mann 2006). [But note that historical records for the 

Pacific Northwest, as compiled by Robbins and Wolf (1994), could be interpreted as 

contradicting this conclusion, perhaps suggesting that the most significant popula-

tion declines occurred in the American southwest and central America.] 

Recent investigations indicate that American Indians were far from the passive 

hunters and gatherers often depicted in western movies and novels. Their actions 

had a profound influence on the structure and composition of western ecosystems, a 

not unexpected result when considering that they used hundreds of plants and ani-

mals for food, fiber, shelter, forage, and medicine (Daubenmire 1975, Moerman 

2010). Fire was often their main tool for creating and maintaining the habitats re-

quired by these plants and animals (Anderson 2006, Boyd 1999, Denevan 1992, 

DeWalt 1994, Kay 1994, Robbins 1997, Shinn 1980, Stewart 2009). 

Even though their populations were already declining due to introduced diseases 

(Cook 1955), Native Americans of the interior Pacific Northwest may have expanded 
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their use of fire in the early 1700s, perhaps to support evolving lifeways associated 

with their recent acquisistion of horses (Barrett et al. 2005, Habeck 1987, Haines 

1938, Humphrey 1943, Mosgrove 1980, Stewart 1951). 

The influence of Native American burning on western forests was frequently 

noted in early reports and exploration journals (Boyd 1999, Vale 2002). For example, 

“seven of the ten fires witnessed by explorers Lewis and Clark between 1805 and 

1806 in the northern Rockies were attributed to Indian ignitions” (Barrett and Arno 

2002, p. 51). The following excerpts provide examples of Native American burning: 

 “The assumption is that our forests today, having been untouched by man and ex-

posed to the same factors of their surroundings since times immemorial, must repre-

sent more or less exactly the same character they had 100 or 1,000 years ago. But we 

have practically no genuinely virgin forests; in the great majority of commercial ac-

cessible stands, man has for centuries practiced some kind of primitive forestry by 

setting fires. This ‘Piute forestry’ has changed the aspect of many stands so complete-

ly that the term ‘virgin forests’ is far from being correctly applied. At best, one can 

speak of scattered virgin stands here and there” (Meinecke 1916). 

“On the way, they met an old squaw, with a large firebrand in her hand, with which 

she had just set the grasses and bushes on fire; when surprised, she stood motionless, 

and appeared to be heedless to any thing that was passing around her…there were 

no other Indians in sight” (Wilkes 1844, p. 251). 

“Destroyer by instinct, the savage will never be a producer3. How many times has the 

eye not been saddened, along the riverbanks or in the interior, by the traces of im-

mense forest fires stretching for several miles; he (the savage) has destroyed them 

(the forests) exclusively to drive out game or his horses that he believed took refuge 

there, or in order to open up access for himself, when he will go there to harvest his 

grain (seeds). At summer’s end, he sets fire with even greater ease to the entire prai-

ries; but one knows that here he has a useful goal: several weeks afterward, a new, 

green tasty grass has regrown, richer in nutritional value and preferred by the live-

stock. It is not the same for the forests” (Saint-Amant 1854, translated from the 

French, commenting about the Umatilla River region in northeastern Oregon; quote 

taken from Stewart 2009, p. 228-229). 

The quote from the Wilkes Expedition is especially interesting because it demon-

strates that much of the Native American burning expertise resided with women, 

perhaps because they were the primary stewards of the ‘women’s foods’ portion of 

first foods by promoting and sustaining root plants (bitterroot, cous, camas, etc.) and 

fruits or berries (huckleberries) (Hunn 1981), some of which required periodic fire to 

maintain their vigor and productivity (Mack 2001, Turner 1999, Turner et al. 2003). 

A variety of native plant species, primarily berries and roots, were managed by 

using aboriginal burning practices. Burning maintained and promoted shrubby 

fruiting species (serviceberry, big huckleberry, chokecherry, thimbleberry, currants 

                                                 
3 “Only to the white man was nature a ‘wilderness’ and only to him was the land ‘infested’ with ‘wild’ 

animals and ‘savage’ people.” Luther Standing Bear (1868-1939) (quote from Stewart 2009). 
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and gooseberries, elderberry, buffaloberry, and others; fig. 51), herbs with above-

ground edibility such as strawberry, and many species of onion, and herbs with edi-

ble underground parts such as camas, bitterroot, cous and other biscuitroots, yampa, 

spring beauty, several lily species, and onions (Stewart 2009, Turner 1999). 

“Possibly increased growth would result from an increased supply of available 

nutrients near the surface of the ground following burning. Fire increases the pH of 

the soil through release of alkaline ions such as phosphorus, potassium, calcium, 

and magnesium, and studies show that these nutrients are more readily accessible 

to plants after a fire. The amount of nutrients released varies with the type of soil 

and intensity of the burn” (Turner 1999). These observations about aboriginal burn-

ing practices illustrate that since the mid-1990s, ecosystem thinking has broadened 

to incorporate humans not just as a source of outside disturbance, but as integrated 

within other biological and physical processes and structures (Cronon 1996). 

Because ecosystems with native peoples differ markedly from those lacking an 

aboriginal influence, a hands-off approach by today’s managers will not duplicate 

the conditions under which presettlement ecosystems developed (Botkin 1995, Boyd 

1999, Christensen et al. 1996, Diamond 1992, MacCleery 1992, Stevens 1990, Vale 

2002). On the other hand, it is important to recognize that the technologies used by 

Native Americans to manipulate landscapes for thousands of years were far differ-

ent than those employed by Euro-Americans (Aplet and Keeton 1999, Cronon 1996). 

Note, however, that there is not universal consensus about the pervasive, wide-

spread use of fire by Native Americans. “Lightning fires, including onsite ignitions 

and fires spreading from other areas, were well capable of maintaining most fire re-

gimes in the West” (Barrett et al. 2005, p. 32). Much of the uncertainty about an-

thropogenic burning involves the mixed-severity fire regime because “most early-day 

accounts suggest that Indian fire use occurred largely in grasslands and adjacent 

dry forests” (e.g., the low-severity fire regime) (Barrett et al. 2005, p. 33). 

But regardless of uncertainty about the scope and influence of Native American 

burning, it is clear that increased consideration of native knowledge (sometimes re-

ferred to as traditional ecological knowledge) would provide helpful insights support-

ing moist-forest management, particularly in a collaborative context where diver-

gent viewpoints are pursued and valued (Anderson 2006, Berkes 2008, Berkes et al. 

2000, Charnley et al. 2007, Kimmerer 2000, Pierotti and Wildcat 2000). 

Interactions Between Fire And Other Disturbance Processes  

Fire regimes interact with other disturbance processes in synergistic and inter-

esting ways (Romme et al. 2011). Perhaps some of the best examples of disturbance-

process interactions involve lodgepole pine, a common and important forest cover 

type associated with moist forests and the mixed-severity fire regime (see table 17 in 

section 6), and mountain pine beetle, a cambium-feeding invertebrate causing exten-

sive tree mortality across millions of acres of lodgepole pine forest in western North 

America (Bentz 2009, Woods et al. 2010). 
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Figure 51 – Grand fir stand with a dense shrub layer dominated by big 

huckleberry (Vaccinium membranaceum), an important Native American 

first foods species (Moerman 2010). Note that thinning the tree overstory to a 

moderate canopy cover would be expected to increase the productivity (berry 

production) and vigor of big huckleberry (Hedrick et al. 1968). 

One or more decades after a mountain pine beetle outbreak, when beetle-killed 

trees topple over and a new cohort of tree regeneration has gotten established (fig. 

52), the risk of crown fire (in the regenerated seedling/sapling cohort) may be as 

great as it was before the bark-beetle outbreak (Gara et al. 1985, Roe et al. 1971). 

But contrary to suppositions from some of the historical research, crown-fire poten-

tial can be low during or soon after a bark-beetle outbreak when dead trees are in 

the ephemeral ‘red crown’ or ‘gray crown’ stages (Simard et al. 2011) (but even this 

conclusion has been disputed – see Jolly et al. 2012). This research demonstrates 

that time-since-beetle-outbreak can be a critical factor for understanding the rela-

tionship between mountain pine beetle outbreak, stand structure, fuel dynamics, 

and fire risk (figs. 6 and 52) (Hicke et al. 2012; Jenkins et al. 2008, 2012). 

Studies described in this section relate to how mountain pine beetle (MPB) activ-

ity influences subsequent fire occurrence and severity (or for some studies, whether 

MPB even has an influence on fire). But we should also remember that interactions 

between these two disturbance agents are reciprocal – they also function in the other 

direction (e.g., fire effects can influence subsequent MPB activity). “Recent research 

has shown that structurally and compositionally diverse stands, with variable but 

generally low densities of mature trees, are less susceptible to mountain pine beetle 

outbreaks. Such stand attributes are consistent with a mixed-severity fire regime” 

(Amoroso et al. 2011) (this quote is especially germane to the historical fire effects 

associated with fire regimes IIIa and IIIb). 
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Figure 52  Dense lodgepole pine regeneration following stand-replacement 

fire on a moist-forest site; Tower wildfire area (this 50,800-acre fire burned in 

August-September 1996). Seedling density in this area is about 20,000 per 

acre. The northern third of the Tower fire is a good example of how one dis-

turbance process (a 1970s-era mountain pine beetle outbreak in lodgepole 

pine – see section 5.8) functioned as a predisposing factor for a subsequent 

disturbance process (high-severity wildfire, both with and without active 

crown fire). Fuel accumulation resulting from a bark beetle outbreak can af-

fect subsequent fire behavior (Roe et al. 1971), as it did for the Tower Fire. 

Although interactions between stand development, tree growth, stand densi-

ty, phloem thickness, and bark-beetle susceptibility can be complex (figs. 10 

and 53), it is possible to thin post-fire lodgepole pine stands and thereby 

maintain low levels of crown-fire susceptibility (Powell 2010). 
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Dwarf mistletoes, parasitic seed plants, are often considered to be the most seri-

ous disease agent in lodgepole pine forests (Hawksworth and Dooling 1984). Just 

like mountain pine beetle, lodgepole pine dwarf mistletoe can also cause profound 

effects on forest structure and function, although they occur more slowly than with 

bark beetles. “Data show that chronic increases of dwarf mistletoe are partly due to 

the exclusion of fire (Zimmerman and Laven 1984) because fire is the natural control 

of dwarf mistletoe and has played a major role in the distribution and abundance of 

current populations and infection intensities (Alexander and Hawksworth 1975). As 

the frequency and extent of fire have decreased in lodgepole pine stands over the 

last 200 years, dwarf mistletoe infection intensity and distribution are clearly in-

creasing (Zimmerman and Laven 1984)” (Ferry et al. 1995). 

Depending on perspective, fire can be viewed as a “predator seeking out and con-

suming plants as its energy source, while they either avoid it in the sanctuary of ‘es-

cape terrain’ or respond on their home ground by erecting defenses and safely se-

questering their viable resources.” But “certain plants can be considered active 

searchers after fire, tracking down and scavenging burned-over ground whenever it 

appears, moving quickly and efficiently to profit from newly available resources” 

(Rowe 1983). 

Perhaps our best example of an ‘active searcher’ tree species is lodgepole pine. 

Lodgepole pine, a thin-barked species, has low resistance to fire, regardless of 

whether a fire has low or high fireline intensity (flame length). But since lodgepole 

pine regenerates prolifically after fire, often in response to high levels of seed-bank-

ing related to cone serotiny (as described in fig. 54), its long-term resilience to fire is 

actually quite high (fig. 52). 

Moderate-severity fires in mature lodgepole pine ecosystems tend to produce a 

much higher post-fire seedling density than high-severity burns (fig. 52), and high-

density lodgepole pine communities develop differently than low-density ones (An-

derson and Romme 1991). But regardless of fireline intensity, a common conclusion 

of studies examining relationships between lodgepole pine and wildfire is that expo-

sure of mineral soil is an important outcome affecting regeneration success and 

seedling density (fig. 53; Axelson et al. 2009). 

Lodgepole pine populations in the Blue Mountains coincide with the portion of 

lodgepole pine’s west-wide range having relatively low amounts of cone serotiny (fig. 

54). Even though lodgepole pine has evolved with wildfire as the primary ecological 

cue for breaking serotinous cone-scale bonds and then dispersing copious amounts of 

seed (Lotan 1976), mountain pine beetle has also been found to provide a weak cue 

for seed dispersal, although at much lower levels than is associated with fire (Teste 

et al. 2011). Seedling establishment after bark-beetle outbreaks is typically curtailed 

because a favorable regeneration substrate (e.g., exposed mineral soil) is not created 

by the disturbance process (Axelson et al. 2009). [Note that lodgepole pine’s relative-

ly low amount of cone serotiny is not the only factor distinguishing Blue Mountain 

populations from other lodgepole areas in the western U.S. – see Box 5.] 
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Figure 53 – Alternative response trajectories for a mature lodgepole pine 

forest experiencing either a stand-replacing wildfire (left) or a mountain pine 

beetle outbreak (right) (concepts derived from Axelson et al. 2009). Stand-

replacing wildfire and mountain pine beetle are the two main disturbance 

agents that maintain forests of lodgepole pine in various structural stages 

(see fig. 10) across moist-forest landscapes. In the left trajectory, a mature 

forest experiences a high-severity wildfire that consumes the soil’s O horizon 

(the litter and duff layers), exposing mineral soil and quickly resulting in a 

new cohort of dense lodgepole pine regeneration. The right trajectory shows 

development following a mountain pine beetle outbreak where the dead trees 

are not removed for economic purposes (salvage harvest). If an outbreak is 

not followed by wildfire (and not all of them are), then the right-side trajecto-

ry shows that a lack of mineral-soil exposure results in a sparse post-distur-

bance species mixture containing both lodgepole pine and late-seral species 

such as grand fir or subalpine fir. Partial, stand-maintaining disturbances 

(see fig. 13) such as low-severity fire, fungal pathogens, and dwarf mistletoes, 

open the canopy and promote establishment of shade-tolerant spruce and fir. 
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Figure 54 – Variations in cone serotiny for lodgepole pine (from Koch 1996).  

Lodgepole pine serotiny (the ‘closed cones’ trait above) varies with latitude. 

Note that the lowest percentage of closed cones in western North America 

(20%) occurs at latitude of 45 North, which coincides with the central Blue 

Mountains. Since serotiny is presumed to represent an adaptation to fire (Lo-

tan 1976), the trends displayed in this figure suggest that crown fire exerted 

less genetic selection pressure in the Blue Mountains than in other parts of 

lodgepole’s range. Serotiny also varies with stand age – the closed-cone trait 

is more common in old trees or stands than in young trees or stands (Lotan 

1976, Mason 1915). Variations in the percentage of serotinous trees can have 

an important influence on landscape heterogeneity (Turner et al. 1997). [Note 

that serotiny is typically viewed as an ecological adaptation designed to dis-

perse copious amounts of seed from standing trees. But research shows that 

it also contributes to seed banking in the forest floor – the highly resinous 

cone-scale bonds are resistant to decomposition, so serotinous cones falling to 

the forest floor can persist there for long periods (Teste et al. 2011b).] 

Reburn As A Postfire Phenomenon  

Following severe wildfires, standing dead trees are abundant on the landscape 

and they will eventually fall. In some circumstances, the accumulation of this down 

wood or coarse woody debris (CWD) is sufficient to support another relatively severe 

wildfire on the same area (Odion et al. 2004, Passovoy and Fulé 2006). A second fire 

occurring relatively soon after the first one is called a reburn (or in older literature, 

a ‘double burn’). Reburns, a common postfire phenomenon (table 13), have been de-

scribed for many areas of the western United States (Hofmann 1917). The ecological 

role of reburning, and whether or how to implement active management practices 

following a wildfire to influence the potential effects of a reburn on the same area in 

the future (practices such as salvage timber harvest or tree planting), have been par-

ticularly controversial (Donato et al. 2006, Hudec and Peterson 2012, Thompson et 

al. 2007, and many other citations in the References section). 
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Box 5. Is lodgepole pine a cold or moist type in the Blues? 

After a major wildfire event affected the greater Yellowstone ecosystem (which is 

centered on Yellowstone National Park) in 1988, much scientific literature has been pub-

lished about fire ecology and fire effects for lodgepole pine. This work, involving investi-

gators such as William Romme, Monica Turner, Tania Schoennagel, Daniel Tinker, and 

others, is useful for that particular geographical area, and for those ecological settings. 

However, the Yellowstone studies almost always pertain to cold, continental climates, 

and it is not appropriate to extrapolate Yellowstone lodgepole pine research to 

lodgepole pine forest growing on moist sites in the Blue Mountains. This caveat 

is not surprising because it reinforces a central tenet of forest ecology: lodgepole pine is 

not created ‘equal’ everywhere, just as ponderosa pine and other tree species express 

considerable variation across their ranges. 

Unlike Rocky Mountains populations to the east, lodgepole pine in the Blue Moun-

tains frequently occurs on moist-forest sites (rather than cold forest exclusively or pre-

dominantly), and this ecological distribution affects serotiny, wildfire, and bark-beetle re-

lationships. This also means that some of the Blue Mountains lodgepole pine type is best 

assigned to a mixed-severity fire regime (FR III; lodgepole pine on moist-forest sites), ra-

ther than the replacement fire regime (FR IV; lodgepole pine on cold-forest sites). 

In a potential vegetation context, lodgepole pine is seldom the climax tree species, so 

lodgepole pine stands are almost always classified using lodgepole pine plant community 

types (PCTs; these are seral or successional stages of a plant association typically occur-

ring in the grand fir or subalpine fir series). A total of 507 potential vegetation types 

have been described for the Blue Mountains; this total includes 16 plant community 

types and 1 plant association dominated by lodgepole pine and assigned to an upland 

forest potential vegetation group (PVG). Of the 17 upland-forest lodgepole pine types, 9 

were assigned to the Moist Upland Forest PVG, and 8 were assigned to the Cold Upland 

Forest PVG (Powell et al. 2007). 

The Blue Mountains include three regional climatic zones: the maritime zone (north-

ern Blues), the mixed zone (central Blues), and the continental zone (southern Blues) 

(Caraher et al. 1992). As one might expect, most of the lodgepole pine occurring in the 

continental zone, along with some of the lodgepole type in the mixed zone, is properly as-

signed to the Cold Upland Forest PVG (and to fire regime IV). The balance of the mixed-

zone lodgepole pine type, along with most of the lodgepole type occurring in the maritime 

zone, is best assigned to the Moist Upland Forest PVG (and to fire regime III). 

In May 2000, a prescribed fire in northern New Mexico escaped the project area 

and then burned 42,858 acres and 235 residences near Los Alamos, New Mexico. 

Following this Cerro Grande Fire, the Federal Emergency Management Agency 

(FEMA) commissioned a study to predict changes in fire hazard through time. FE-

MA’s objective was to estimate fuel dynamics and determine when future fire hazard 

would become greater than it had been prior to the Cerro Grande Fire (Greenlee and 

Greenlee 2002). The Cerro Grande fire hazard study predicted that there would be 

an increase in fire hazard after fire-killed trees fall, particularly for high-severity 

areas experiencing high amounts of tree mortality. Using a four-foot flame length 

and a spread rate of one mile per hour or more as criteria for high fire hazard, it was 

found that woody debris and down log accumulations increased the fire hazard after 

the sixth post-fire year (Greenlee and Greenlee 2002). 
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Table 13: Reburn analysis for vicinity of 1996 Tower wildfire area, Umatilla Na-

tional Forest. 

INFORMATION FOR ORIGINAL FIRE Year of 

Reburn 

Reburn Fire 

Name Fire Name Total Acres Original Year 

Big Creek 74* 1988 1996 Tower 

Big Creek 91 1993 1996 Tower 

Big Creek 153 1994 1996 Tower 

Cable Creek 553* 1986 1996 Tower 

Long Meadows 167* 1986 1996 Tower 

Lost Lake 2,804 1986 1996 Summit 

Placer 379 1993 1996 Tower 

Ryder Creek 13,610 1987 1996 Tower 

   1996 Bull 

   2001 Big Creek 

Saddle Camp 64* 1986 1996 Summit 

South Fork 319 1986 1996 Summit 

Squaw Creek 310 1986 1994 Boundary 

   1996 Tower 

Sulphur 63* 1993 1996 Tower 

Switchback 8* 1993 1996 Tower 

Tower 51,483 1996 2001 Big Creek II 

Trail 81* 1986 1996 Tower 

* These acreages were entirely reburned by subsequent fires; acreages without an asterisk were in-

volved in a subsequent reburn, but varying proportions of the original acreage were reburned. 

Source: Summarized from digital fire atlas data available in the Blue Mountains province geo-

graphical information system. 

Local experience on the Umatilla NF corroborates the Cerro Grande study be-

cause reburn fires have occurred relatively soon after the initial fires (table 13). 

When the Tower Fire (1996) reburned previous fires, for example, intense combus-

tion of down logs and coarse woody debris resulting from the initial fires caused 

dramatic fire effects: tree seedlings that regenerated after the initial fire (generally 

averaging 3-5 feet in height) were not only killed during the reburn, they were con-

sumed clear down to the soil surface (Powell 1998). 

“When a large and unusually severe fire occurs in a wilderness environment, it 

ultimately creates a correspondingly large mass of heavy fuels, starting 12 to 15 

years after the fire when much of the dead timber has fallen (Lyon 1984). This be-

comes incorporated into a new dense fuel bed with small conifers and large shrubs, 

which can readily support another severe wildfire, or ‘double burn’ (Barrett 1982; 

Brown 1975; Wellner 1970)” (Arno et al. 2000, p. 227). “Patterns laid down by previ-

ous fires can play a significant role in shaping future fires” (Perry et al. 2011). 
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Additional Information 

There are hundreds of fire-related citations in the References section of this 

white paper, and only a few dozen of them are cited in this 5.11 wildfire section. 

General information about wildland fire ecology, mixed-severity fire regimes, fire 

management, and similar topics is provided by sources such as Agee (1993), Brown 

and Smith (2000), Keeley et al. (2009), Pyne et al. (1996), and Taylor et al. (2005). 

At least 15 references provide place-based fire and fuels information for the Blue 

Mountains: Agee (1996b), Droske (2012), Hall (1980), Heyerdahl (1997), Johnson 

(1998), Marouka (1994), Mehringer (1997), Mutch et al. (1993), Olson (2000), Ryan 

and Pickford (1978), Thies et al. (2005, 2006, 2008), Thies and Westlind (2012), Wil-

liamson (1999), and Williamson and Agee (2002). 

An excellent journal article synthesizing the ecological aspects of mixed-severity 

fire regimes is provided by Perry et al. (2011). A good synthesis paper about objec-

tives and considerations for fuel treatments in forests of the interior West is provid-

ed by Reinhardt et al. (2008); it: 

(1) summarizes objectives, methods, and expected outcomes of fuel treatments; 

(2) highlights common misunderstandings and areas of disagreement; and 

(3) synthesizes relevant literature to establish a common baseline for future fire and 

fuels planning. 

The mountain pine beetle discussion (sections 5.8 and 5.10) describes potential 

interactions between insect outbreaks and wildfire (and see figs. 6 and 48 in particu-

lar). Crane and Fischer (1986) provide a useful discussion about relationships be-

tween lodgepole pine, wildfire, and mountain pine beetle. A recent paper by Hicke et 

al. (2012) summarizes the existing state of knowledge about interactions between 

bark beetle-caused tree mortality and wildfire. Other useful syntheses about rela-

tions between fuels, fire behavior, and beetle-attacked forests are provided by Bentz 

et al. (2010), Jenkins et al. (2008, 2012), and Simard et al. (2011). 

Parker et al. (2006) synthesize current information about interactions among 

fire, insects, and pathogens. Interactions between fire and defoliating insects are 

summarized in Fleming et al. (2002), and in Lynch and Moorcroft (2008). Hummel 

and Agee (2003) modeled potential fire behavior associated with budworm-caused 

defoliation in mixed-conifer stands of the eastern Cascades in Washington. Many of 

the interactions between fire and coarse woody debris or down wood are summarized 

in Laudenslayer et al. (2002) (and also see Agee 2002a for this topic). 
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5.12 Wind 
Wind is an important ecological process (Ennos 1997), not just for moist-forest 

ecosystems but for cold and dry forests as well. As a disturbance process, wind often 

functions in a dispersed fashion, creating small centers of tree mortality in a gap-

phase pattern. Ecologically, a distinction should be drawn between endemic wind 

damage, which tends to be associated with unstable stands or portions of stands, 

and what can be termed episodic wind events affecting stable, resistant stands dis-

tributed across relatively large spatial areas (fig. 55) (Mitchell 1995). 

Endemic wind generally creates small gaps within existing stands, and they are 

often centered on unstable conditions of either biotic (stem-decay, root disease, trees 

with high slenderness coefficients (Wang et al. 1998)) or abiotic (shallow or rocky 

soils) origins. Episodic wind events create openings large enough to function as new 

forest stands, and they tend to be associated with regional-scale windstorms occur-

ring relatively infrequently. The Columbus Day windstorm of 1962 is a good exam-

ple of a large, infrequent wind event, and although its impact was most severe for 

the coastal Northwest (Lynott and Cramer 1966), limited damage also occurred in 

the Bone Springs and Skyline Road areas of the northern Blue Mountains. 

Even though well-quantified information about the historical disturbance regime 

for wind is lacking for the Blue Mountains (i.e., frequency, intensity, severity, and 

other disturbance characteristics included in table 3, page 17), existing data sug-

gests that wind is a continuing source of tree death, is highly variable in annual re-

currence rates, and causes variable types of damage (e.g., stem-snapped versus up-

rooted trees). It would be particularly helpful to understand the disturbance regime 

for episodic wind occurrence – how often do broad-scale wind events occur, and are 

they associated with certain physiographic positions or biophysical environments? 

Although it is likely we lack sufficient data to place the episodic wind disturb-

ance process in an appropriate temporal context, several major windstorms occurred 

in mid winter of 1989-1990 (fig. 55), leading to a suite of small salvage sales to har-

vest some of the windthrown timber (specifically, the Aim, Buck, Coyote, Jemina, 

Macwind, Pinbow, Prairie, Spout, Sugar, Trailhorse, Whiskey, and Windsum sales). 

The spatial pattern depicted in figure 55 provides useful clues about the size and 

dispersal of patches created when wind’s influence occurs at a magnitude greater 

than the endemic (sub-stand) level. 

Although large windstorms and similar stochastic disturbance events are unpre-

dictable, often tending to be characterized as ‘extreme’ in a disturbance ecology con-

text, they have a very important influence on ecosystem development (Quine and 

Gardiner 2007). “Action of the environment on the organism or the biotic community 

is not uniform or consistent. Unusual features are quite ‘normal.’ Extreme condi-

tions are probably more significant than are the more ordinary environmental rela-

tionships” (Taylor 1934). Figure 56 discusses the influence of extreme or unusual 

events on ecosystem development. 



 

 141 

 

Figure 55 – Distribution of mapped blowdown areas associated with several 

large windstorms occurring during the winter of 1989-1990 (source: unpub-

lished records available at the Walla Walla Ranger District). Note that Ore-

gon Highway 204 and Jubilee Lake are labeled for orientation purposes. The 

total amount of windthrow occurrence depicted in this image (red polygons) 

comprises 3,718 acres. This relatively severe windthrow episode occurred 

during one winter season, and resulted in a series of small salvage sales to 

harvest some of the windthrown timber (Aim, Buck, Coyote, Jemina, Mac-

wind, Pinbow, Prairie, Spout, Sugar, Trailhorse, Whiskey, and Windsum 

sales). The spatial pattern depicted in this figure can provide useful clues 

about the size and dispersal of patches created when wind’s influence occurs 

at a magnitude greater than the endemic (sub-stand) level. Wind is often con-

sidered to be stochastic because as a disturbance process, many of its dis-

turbance characteristics are unpredictable (i.e., size of area affected; spatial 

patch distribution on the landscape; frequency and return interval; and in-

tensity or severity). Despite uncertainties related to windthrow, we should 

acknowledge that susceptibility to wind damage is predictable and related to 

site factors such as soil depth and texture (fig. 57), topographic or physio-

graphic factors like slope position, and stand factors including mean tree 

height or stand density (fig. 58). Wind also has synergistic interactions with 

other disturbance agents such as spruce beetle (Holsten et al. 1999). 

Umatilla NF

Windthrow

Jubilee Lake

Highway 204
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Figure 56 – Extreme or unusual environmental events have an important 

influence on ecosystems (taken from Powell 2000). Action of the environment 

on an individual plant or its overall community is neither uniform nor con-

sistent because unusual events are quite normal (episodic wind storms, mul-

ti-year droughts, etc.) (Taylor 1934). This figure illustrates the concept by us-

ing the precipitation record from a weather station in the Blue Mountains. 

Two lines delineate a zone containing 90% of the variation around the rec-

ord’s 64-year mean (the dashed line midway between the two lines is the 

mean). Since the 90% was based on statistics (standard deviation), a different 

zone could have been established by selecting another value (67%, 80%, 95%, 

etc.). By selecting 90%, it was assumed that on average, 9 years out of 10 

would have normal precipitation and the other year would be abnormal (ei-

ther unusually high or low). In this figure, 4 periods escaped the 90% thresh-

old zone and, by definition, would be considered unusual (arrows denote the 

unusual periods). Plant species exposed to this precipitation regime would 

need sufficient ecological amplitude to survive the unusual periods; other-

wise, they may successfully colonize an area in the short term, but would not 

necessarily persist over the long term. Note that 90% was selected only to il-

lustrate this concept; in actuality, each species would have its own particular 

definition of what constitutes extreme or unusual circumstances. 

One of the primary concerns about wind damage involves partial cutting silvicul-

tural systems, and how the marking guides for partial-cutting prescriptions should 

account for site, species, and stand factors affecting the windfirmness of residual 

trees. But this need has been complicated by the large number of factors contribut-

ing to windthrow risk, the complexity of interactions between factors, and the unpre-

dictable nature of wind events (Mitchell 1995). Concern about partial cutting and 

the associated risk of wind damage has been long-standing, beginning with early ac-

counts involving ponderosa pine timber sales in the Blue Mountains. 

As of 1915, about 6,000 acres of western yellow (ponderosa) pine forest in the 

Blue Mountains had been cut over (Weidman 1921) by using what was referred to as 

the maturity selection system (O’Hara et al. 2010); all of the timber sales had been 
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sold since 1910. The marking on maturity selection sales emphasized leaving about 

20% of the thriftiest, soundest, and youngest trees distributed evenly across the sale 

area. On May 26, 1913, a windstorm blew down 792 yellow pines on 880 acres of cut-

over units on the W.H. Eccles timber sale area. Then, on September 18, 1914, anoth-

er severe storm blew over 808 yellow pines on the 1,624 acres cut over up to that 

time. This meant that in aggregate, almost 18% of the reserve stand had been blown 

over in just two years. 

In response to the windthrow events, the Forest Service initiated an administra-

tive study to examine windthrow occurrence in relation to site factors (landform, as-

pect, soils, etc.) or tree characteristics (height, crown size, crown density, crown 

class, root systems, stem factors, etc.). Study results were summarized in a letter 

from the District (Regional) Forester to Forest Supervisors in which he stated that 

marking guides would not be changed as a result of the study because the “informa-

tion was collected in a single locality, and in other timber sales in yellow pine 

throughout the District the loss by windfall has not been excessive” (Smith and 

Weitknecht 1915). 

Evaluating Windthrow Hazard  

In addition to resistance ratings at the tree species level, managers generally 

consider topographic, soil, and stand characteristics when evaluating windthrow 

susceptibility (figs. 57-58). Stand metrics such as slenderness coefficient can also 

serve as good predictors of wind risk (Wang et al. 1998). [Slenderness coefficient is a 

ratio comparing tree height and diameter (in the same units such as inches or feet). 

Trees with an unbalanced height to diameter ratio are likely to become ‘wet noodles’ 

that cannot adequately support themselves; if neighboring support trees are remov-

ed or die, wet noodles tend to experience windthrow, snow breakage, or similar dam-

age. In the interior Pacific Northwest, trees with a high slenderness coefficient (a 

height to diameter ratio of 80 or more) will generally behave as wet noodles, ulti-

mately experiencing increased wind or ice damage (O’Hara and Oliver 1999, Wonn 

and O’Hara 2001).] 

Considering a wide variety of resistance and susceptibility factors is important 

when evaluating windthrow risk because many interactions exist between wind and 

other disturbance processes (Gardiner and Quine 2000). It has long been recognized, 

for example, that trees harboring root disease (Furniss 1962) are more prone to 

windthrow, and that windthrown trees provide excellent habitat for bark beetles or 

wood borers, including Douglas-fir beetle (Furniss 1962) or spruce beetle (Schmid 

and Frye 1977). 

A helpful, site-level indicator of previous windthrow activity is the presence of 

pit-and-mound microtopography, which results when windthrown trees create pits 

(the holes previously occupied by a root plate) and mounds (the soil hummocks cre-

ated as a root plate decomposes and sheds the entrained soil). Windthrow on gentle 

topography produces root plates that are nearly vertical, which then creates horizon-
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tal mounds along one lip of a pit following root decomposition. Root plates on steep 

slopes, however, are leaning at such an angle that when they deteriorate, they fall 

over onto undisturbed ground and basically cause an inverted soil profile, with the 

surface soil underneath and the subsoil on top (Schaetzl 1986). These fine-scale wind 

effects on soils led to speculation that windthrow could actually stimulate organic 

matter decomposition for coastal forests by mixing the soils and improving aeration, 

but when this hypothesis was tested experimentally, positive effects were not ob-

tained (Prescott et al. 2000b). 

In addition to functioning as a macro-scale disturbance agent, a situation where 

wind causes tree mortality at either the gap or stand scales, wind also functions at a 

micro-scale where changes in forest stand dynamics, rather than tree mortality, is 

the ultimate result. When examining a suite of life-history traits for common tree 

species of the Blue Mountains, it is likely that one or more of them evolved in re-

sponse to wind and how it influences inter-species competition in mixed forests. 

One life history trait with a strong influence on inter-species competition is 

branch stiffness – once an overstory tree cohort gets relatively tall, there is often a 

period of crown shyness caused by tall trees abrading each other in the wind. Stiff-

branched species tend to abrade their limber-branched neighbors, while also knock-

ing the tops out of subordinate trees as they grow upward and attempt to move into 

a higher canopy position (Oliver and Larson 1996, Putz et al. 1984). In mixed stands 

of Douglas-fir and grand fir, wind provided grand fir with a competitive advantage 

because it has stiff branches, easily abrading Douglas-fir trees (Larson 1986). 

As tree collide with each other in windstorms, this damping of wind energy may 

prevent them from toppling over, but it often comes at a high cost in terms of branch 

breakage, twig and foliage loss, and loss of buds and associated future growth. Al-

though the worst damage often occurs during strong but infrequent storms, chronic 

wind action is thought to have the most inhibitory effect on lateral crown growth 

(Rudnicki et al. 2003). Crown abrasion might have more influence on stand struc-

ture and forest succession in boreal forest than temperate forest because there is in-

creased branch brittleness as air temperature declines below freezing during the 

long boreal winters (Lieffers et al. 2001). Brittle branches have increased potential 

for crown abrasion (Rudnicki et al. 2003). 

Branch stiffness and crown abrasion are not the only traits that apparently have 

evolved in response to wind as an abiotic factor. Trees can bias the release of their 

seeds to capitalize on certain wind conditions, and some modeling and experimental 

evidence suggests that trees may respond to wind in ways that produce sustained 

updrafts in their immediate surroundings. This phenomenon would qualify as an 

important evolutionary adaptation because most seeds within a wind-dispersed spe-

cies can be uplifted and are designed for long-distance dispersal: “seeds that fall 

within the canopy have no chance of long-distance dispersal; seeds that rise above 

the canopy do” (Horn et al. 2001). 
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Figure 57 – Windthrow in spruce-fir 

forest of the northern Blue Mountains. 

Engelmann spruce is a shallow-rooted 

species, which increases its susceptibil-

ity to windthrow for almost any site 

condition. But abiotic factors can also 

contribute to increased wind damage 

because this site has an ash or loess 

layer above residual soils derived from 

Columbia River basalt or lacustrine 

(lakebed) sediments. These soils (typi-

cally Andisol soil types) have high wa-

ter-holding capacity, an important fea-

ture of Engelmann spruce habitat. Flat 

areas and north-facing slopes have well-

developed vegetation inhibiting soil ero-

sion, allowing the ash to be retained on 

site. However, a relatively thick mantle 

of loamy, fine-textured tephra (ash) or 

loess lacks structural integrity, provid-

ing poor anchorage for tree roots. Silvi-

cultural options may be limited for 

wind-susceptible sites like these: avoid 

tree harvest altogether; salvage windfall 

as storms continue to unravel the forest; 

or gradually open the canopy by using 

intermediate cuttings or the preparato-

ry cut of a 3-step shelterwood (Alexan-

der 1987, Roe et al. 1970). 

5.13 Timber Harvest 
Timber harvest is used to provide the wood products desired by human society. 

Forest practices have been used in the Blue Mountains for more than a century, be-

ginning with the mining and settlement era in the 1860s and 1870s. The first com-

mercial timber harvest in the northwestern pine region (eastern Oregon and eastern 

Washington) began around 1890 (Weidman and Silcox 1936). Early harvests were 

concentrated on private lands and tended to remove high-value species like pondero-

sa pine, Douglas-fir, and western larch. On dry-forest sites, much of the early har-

vest was directed at removing high-risk trees for western pine beetle attack; this ap-

proach was referred to as maturity selection (Keen 1950, O’Hara et al. 2010). 

Beginning in the early 1940s, national forest tree harvests increased to meet a 

heightened demand for wood products during World War II, and to contribute raw 

materials for new housing. After the war, ponderosa pine and other species were in-

tensively harvested to provide lumber for home construction, including window sash, 

trim and molding material, and door stock. A surprising amount of the ponderosa 

pine volume was used to produce many different types and sizes of boxes for fruit 

growers in the Yakima, Walla Walla, and Hood River valleys. 
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Figure 58 – Windthrow susceptibility, characterized as low, moderate, and high categories, and as related to topographic, soil, and stand 

factors (adapted from Mitchell 1995 and Wang et al. 1998).
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In the late 1950s, most every rural community supported at least one sawmill, 

including communities as small as Troy (fig. 59). In eastern Oregon, 49 communities 

had timber-processing mills – 33 communities had one mill, 10 communities had 

two, and 6 communities had three or more (Gedney 1963). Existing mill capacity for 

processing timber to manufacture wood products such as dimensional lumber is 

greatly reduced from historical levels. This trend has generated concern about the 

long-term viability of wood processing infrastructure in the Blue Mountains, and its 

associated ripple effects on economic and social resilience (Rainville et al. 2008). 

Timber harvesting began in earnest in the mid 1950s (fig. 60), initially with par-

tial cutting where only the most valuable trees were removed, and eventually evolv-

ing to small clearcutting sales on the north half of the Umatilla National Forest. 

Clearcutting accelerated in the 1960s. The clearcutting era represented a systematic 

harvesting program where the management cycle consisted of clearcutting, broad-

cast burning, grass seeding, and tree planting (Rollins 1982; fig. 61). These early 

clearcuts, now supporting second-growth stands of mixed conifers, have been 

thinned several times since the 1960s and 1970s. 

Post-harvest seeding was not a universal practice, but on many areas grass seed 

was broadcast from helicopters, at a rate of 8 to 10 pounds per acre, to provide for-

age for livestock grazing, for soil erosion control, and to contribute to aesthetics. 

Tree planting occurred immediately after timber harvest, although the tree seed 

used to produce the planting stock may not have come from the same national forest 

on which the cutting occurred (cuttings on the Umatilla National Forest may have 

been reforested by using a seed source from the Wallowa-Whitman or Malheur na-

tional forests, for example) (Rollins 1982). 

In the late 1960s, timber management practices for moist upland forests evolved 

from clearcutting to seed-tree or shelterwood cutting (note that all three of these 

practices are illustrated in fig. 14). By the mid 1970s, most of the moist-forest regen-

eration treatments were shelterwood seed cuts because they offered at least two ad-

vantages: (1) survival of both planted and natural seedlings was improved; and (2) 

increased survival allowed more cutting units to meet National Forest Management 

Act stocking standards within the required 5-year timeframe (Rollins 1982). 

As described in the defoliating insect and mountain pine beetle sections, impacts 

from both of these disturbance agents caused unplanned changes in the timber man-

agement and reforestation programs by the late 1970s and early 1980s. For the tus-

sock moth areas, timber managers examined defoliated areas and determined a tree 

mortality prediction (table 14), which was used when deciding whether salvage har-

vest would be attempted. During an accelerated salvage program, 40 sales were sold 

over a 2-year period. Reforestation of the salvaged areas (figs. 61 and 62), along with 

tree planting for unsalvaged areas where tussock-moth damage was substantial, 

caused the reforestation program on the Walla Walla Ranger District to increase 

from 600 acres annually in 1976 to 3,800 acres annually by 1980 (Rollins 1982). 
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Table 14: Relationship between defoliation caused by Douglas-fir tussock moth and 

tree survival probability. 

Defoliation Status Predicted Tree Mortality Outcome 

0-30% missing foliage Very high probability of survival 

30-50% missing foliage Moderate to high survival probability 

50-75% missing foliage Trees rarely die from defoliation alone, but moderate losses oc-

cur from bark beetles; some topkilling begins to occur 

75-90% missing foliage Low survival probability from defoliation directly; high losses 

from bark beetles are also expected 

90-100% missing foliage Very low survival probability from defoliation: 90% of trees in 

this defoliation class will die from defoliation effects alone 

Source: Mason and Wickman (1984). 

Timber harvest levels continued at high levels throughout most of the 1970s and 

1980s (with a pronounced downturn occurring in the early 1980s during a timber 

recession). In response to changing societal values and expectations, timber harvest 

levels began declining precipitously in the early 1990s (fig. 60). Much of the reduc-

tion since the early 1990s is related to an emphasis on wildlife protections and other 

non-commodity values, many of which are reflected in amendments to the Land and 

Resource Management Plans for Blue Mountains national forests (specifically the 

PACFISH and Eastside Screens amendments). 

 
Figure 59 – Sawmill located at Troy, Oregon, showing associated log holding 

pond, log decks, and a teepee-style burner for disposing of sawdust and other 

milling waste. From the 1950s through the 1970s, almost every community in 

eastern Oregon, no matter how small, had at least one of these wood-process-

ing facilities (Gedney 1963). 
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Figure 60 – Timber harvest trend for the Umatilla National Forest, 1922-

2010 (this chart is based on cut volume, not sold volume). Harvest levels were 

low during the custodial era (before the 1940s), and high between the late 

1950s and early 1990s (except for a timber recession in the early 1980s). 

 

Figure 61 – Young, moist-forest stand with moderate species diversity 

(mostly lodgepole pine in foreground, but Douglas-fir, Engelmann spruce, and 

other species in middleground), sinuous harvest-unit boundaries, and some 

aspects of variable-retention harvest including unharvested reserve islands 

(upper left corner) (DeLong 2011, Franklin et al. 2007; also see Box 3). 
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Figure 62 – Results of historical management practices (timber harvest, 

broadcast burning, grass seeding, and related activities) on a moist-forest ar-

ea. This is Tincan Unit #1, a site in the grand fir/queencup beadlily plant as-

sociation. It was clearcut and broadcast burned in 1972, planted in 1973 to 

grand fir (91%) and western larch (9%), gopher baited in 1974, and then re-

planted in 1975 to grand fir (28%), western larch (50%), and Engelmann 

spruce (22%). The inspection trip shown here depicts the unit in 1979, 7 years 

after harvest. The unit was eventually machine scalped as a site preparation 

treatment in 1983, and also replanted in 1983 to western larch (13%), pon-

derosa pine (52%), and Douglas-fir (35%). It was replanted again in 1986, and 

gopher baited again in 1987. Tree seedling survival on this site was inhibited 

by frost, small mammal populations, and intermittently high levels of elk 

herbivory. The heavy equipment use, broadcast burning with a high fireline 

intensity, and grass seeding with exotic species (the combination of interme-

diate and pubescent wheatgrasses comprised 35% cover) were also major con-

tributing factors. The result shown here was not common in response to 

moist-forest regeneration cutting (app. 2), but it did happen occasionally 

(units in the Notch, Herren, Coal, Texas, Hollywood, Jarboe, and Ninemile 

timber sales from the 1970s to 1990s had similar results). Ecologically, much 

of this outcome relates to the fact that moist forests are inherently complex 

(Puettmann et al. 2009); certain management actions of the 1960s and 1970s 

were intentionally designed to reduce complexity rather than maintain it 

(Christensen 1997) (e.g., using high-intensity prescribed fire to make a site as 

‘clean’ as possible by combusting the down wood, seeding exotic grass species 

at high rates to maximize forage production for livestock and wild ungulates, 

etc.). Resource managers of this earlier era, however, did not have access to 

ecological classifications or successional guides to help them understand eco-

system processes and predict how moist-forest sites might respond to timber 

harvest, site preparation, and similar management activities (section 6.5). 

And knowing only the plant associations of a project area may be inadequate; 

we also need to understand the implications of alternative successional tra-

jectories (Green and Jensen 1991), such as those described by Clausnitzer 

(1993) for many moist grand fir associations of the Blue Mountains. 
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5.14 Non-Native, Invasive Forest Species  
In a forestry context, a good example of enduring change caused by a non-native 

species is provided by white pine blister rust, a fungus pathogen introduced from 

Europe by way of western Canada about 1910. White pine blister rust affects all of 

the five-needled pine species, with western white pine and whitebark pine being af-

fected most seriously in the Blue Mountains. By the 1940s, blister rust occurred 

throughout the range of western white pine in the interior Pacific Northwest. 

Western white pine, a mid-seral tree species, is occasionally found on cool moist, 

cool wet, and warm moist sites in the upper montane and lower subalpine zones 

(Powell 2000). Table 15 shows the seral status of white pine and other tree species 

by plant association (Powell 2000). Western white pine was characterized as having 

a restricted geographical distribution in the Blue Mountains (Haig et al. 1941). In 

actuality, it has a relatively wide distribution as a minor species in mixed-conifer 

forests, seldom comprising a plurality of the basal area in any individual stand. 

Due to changes wrought by fire suppression (encouraging invasion by subalpine 

fir), bark-beetle outbreaks, white pine blister rust, and other factors, it is believed 

that white pine in the Blue Mountains was more abundant historically than at pre-

sent: “White pine was at one time distributed over the entire Forest but it was killed 

out by fires, to which it is so particularly susceptible, years ago. It is thought that 

white pine would be an excellent tree to plant on all the burns found on the higher 

altitudes of the Wenaha. It attains good size and form in such places, and its wood is 

superior to any of the other species with which it occurs in such places” (Bright and 

Powell 2008). 

Land managers tried a variety of strategies to eradicate blister rust, including 

pulling Ribes plants (the rust’s alternate host), removing infected branches before 

the fungus could migrate to the main stem, and injecting antibiotics into the bark of 

affected trees (Fins et al. 2001). None of these measures worked well, and efforts to 

directly control the rust were abandoned in the late 1960s. Currently, a multi-facet-

ed approach featuring tree breeding for rust resistance, along with careful matching 

of rust-resistant planting stock to potential reforestation sites, is being employed 

across white pine’s range (Fins et al. 2001, Neuenschwander et al. 1999). 

Blister rust also affects other five-needled pines such as bristlecone pine, limber 

pine, and whitebark pine, contributing to wildlife habitat deterioration and other 

changes in ecosystems dominated by these species (Keane et al. 1995, Tomback et al. 

2001). Of these pines, blister rust is particularly severe on whitebark pine. Blister 

rust was first discovered on whitebark pine on August 4, 1936 on the south side of 

Mount Hood in Oregon. According to the survey, blister rust had not yet affected 

whitebark populations in the Blue and Wallowa Mountains of northeastern Oregon 

(Childs et al. 1938), although that is certainly not true today. 
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Table 15: Seral status of tree species for plant associations of the moist upland for-

est potential vegetation group. 

PLANT ASSOCIATION PP DF WL LP WP ES GF SF 

ABGR/ACGL ES MS ES  MS LS PNC  

ABGR/BRVU  MS ES   LS PNC  

ABGR/CLUN ES MS ES ES MS LS PNC  

ABGR/GYDR       PNC  

ABGR/LIBO2 ES MS ES ES MS LS PNC  

ABGR/POMU-ASCA3   ES   LS PNC  

ABGR/TABR/CLUN ES MS ES   LS PNC  

ABGR/TABR/LIBO2  MS ES  MS LS PNC  

ABGR/TRCA3   ES   LS PNC  

ABGR/VAME ES MS ES ES  LS PNC  

ABGR/VASC-LIBO2  MS ES ES  LS PNC LS 

ABLA2/CLUN   ES   LS  PNC 

ABLA2/LIBO2   ES   LS  PNC 

ABLA2/STAM         

ABLA2/TRCA3    ES  LS  PNC 

ABLA2/VAME   ES ES  LS  PNC 

PSME/ACGL-PHMA ES PNC       

PSME/HODI ES PNC       

Sources/Notes: Plant association symbols are described in appendix 1; species codes (col-

umn headings) are described in a footnote to table 11. Seral status was derived from 

Clausnitzer (1993), Hall (1973), Johnson and Clausnitzer (1992), and Steele et al. 

(1981). Seral status codes are: PNC = dominates the potential natural community; LS = 

late seral; MS = mid seral; ES = early seral; A = accidental occurrence (Hall et al. 1995). 

Another exotic organism affecting moist upland forests is balsam woolly adelgid, 

which was introduced into North America from Europe around 1920 (Livingston et 

al. 2000, Mitchell et al. 2001, Ragenovich and Mitchell 2006). The aphid-like insect 

has spread throughout the subalpine fir host type in the Blue Mountains, causing 

concern about whether this forest type will persist over the long-term in this portion 

of its range. The adelgid causes ‘gouting’ on branches, gradually killing tree crowns 

and eventually the whole tree (Mitchell and Buffam 2001). Trees of all size classes 

are killed, with heavy lichen growth replacing live foliage as the tree declines and 

then dies. 

In many portions of the subalpine fir range in the Blue Mountains, more than 

half of the host type has been killed, with variable effects on the small regeneration 

(in some areas, subalpine fir seedlings and saplings seem to be surviving, whereas in 

others there appears to be complete mortality). Balsam woolly adelgid also affects 

grand fir (Livingston et al. 2000), although at this time, damage in the Blue Moun-

tains seems to be confined exclusively to the subalpine fir host type (fig. 63). 
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Figure 63 – Subalpine fir mortality caused by balsam woolly adelgid (BWA) 

in the northern Blue Mountains. Relatively large subalpine firs throughout 

the northern Blue Mountains look like the tree in this photograph – they 

were killed by BWA and now support a copious lichen growth. In the Blue 

Mountains, BWA does not appear to affect small trees (seedlings and sap-

lings) to anywhere near the same extent as larger trees, although this gener-

alization seems to vary from one geographical area to another. BWA threat-

ens the long-term viability of subalpine fir in the Blue Mountains. 
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5.15 Climate Change 

The Intergovenmental Panel on Climate Change concluded with high 

confidence (8 out of 10 chance) that “disturbances such as wildfire 

and insect outbreaks are increasing and are likely to intensify in a 

warmer future with drier soils and longer growing seasons,  and to 

interact with changing land use and development affecting the 

future of wildland ecosystems” Parry et al. 2007, page 56  

Why climate change? Why include climate change in section 5 as a disturbance 

process like wildfire or wind? The previous paradigm was that climate functions 

primarily as a ‘background’ phenomenon, and although there was wide recognition 

that climate is not unchanging, the changes were believed to occur on multi-century 

or millennial time scales. Under this homeostatic view of climate – it was broad-

scale, changed slowly, and was resistant to anthropogenic control – it was believed 

that physical site factors (elevation, geology, soil type, etc.) exerted more influence 

on variation in biophysical environments than climate. But since climate is changing 

more rapidly than it did historically, it is now acknowledged that climate change 

functions as a pervasive, overarching influence with dual roles as a stand-alone dis-

turbance process (e.g., drought), and as a factor that ‘ramps up’ other disturbance 

processes (wildfire, defoliating insects, etc.) to substantially higher levels than they 

reached in the past. 

Climate Change Background  

A pressing matter of crucial concern is the threat of a long-term increase in the 

earth’s surface temperature. This threat goes under several names – climate change, 

global change, greenhouse effect, and others. ‘Greenhouse effect’ might be an apt 

term because the principle of a greenhouse applies in this situation – the enclosing 

shell allows passage of incoming solar radiation but traps a portion of the reflected 

infrared (longwave) radiation, warming the greenhouse’s interior above the outside 

temperature. Greenhouse gases in the earth’s atmosphere play a similar role – they 

function to raise the temperature of the earth and make it habitable. Without green-

house gases, the surface of the earth would be about 30 °C (86 °F) cooler than it is 

today, rendering human life impossible. But ‘global change’ could also be an appro-

priate moniker because climate change is obviously global in the sense that green-

house gases created anywhere in the world have potential impacts everywhere. 

Since the beginning of what is termed the ‘industrial revolution’ (mid 1700s), 

combustion of fossil fuels, together with persistent deforestation and other activities, 

led to an increase in the carbon dioxide content of the atmosphere by about 20 per-

cent. In the last three decades alone, it increased by 8 percent, and scientists predict 

an approximate doubling by the middle of the 21st century. [After excluding water 

vapor, the most abundant ‘greenhouse gas,’ carbon dioxide is currently about 77% of 
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all remaining greenhouse gases, with others being methane (14%), nitrous oxide 

(8%), and trace gases (carbon monoxide, ozone-depleting chemicals, halocarbons, 

etc.).] Note that currently high and increasing levels of carbon dioxide in the atmos-

phere are unprecedented, at least when considering trends over the past 24 million 

years (Pearson and Palmer 2000). 

Instrumented temperature records, the ice composition of long-lived glaciers and 

ice fields, and tree rings or other proxy sources show that the earth has warmed 

about 0.5 °C (1 °F) over the past 100 years. Some climate models predict that during 

this 21st century, temperatures could rise by 1.5 to 4.5 °C, or about 0.3 °C per dec-

ade. This might not seem like much change, but historical studies showed that past 

episodes of warming and cooling occurred at a rate of only about 0.05 °C per decade, 

which was sufficient to cause ice ages and major dislocations for human agrarian 

societies (Fagan 2002, Lomborg 2001, Mann 2006). A recent analysis concluded that 

the decade of the 1990s in general, and the year 1998 specifically, were likely the 

warmest for the northern hemisphere in at least a millennium (Mann et al. 1999). 

[But this source was published before the even warmer decade of the 2000s.] 

Climate change effects are not expected to be uniform – in the northern hemi-

sphere, polar regions will warm faster than equatorial zones, and the centers of con-

tinental landmasses are expected to become drier than the peripheries. In ice ages of 

the past, weather changed gradually enough to allow plants and animals to migrate 

and survive; the rapid pace of change occurring now may be too quick for many or-

ganisms to adjust to modified conditions. For this reason, some of the biggest im-

pacts of climate change could involve agriculture and forestry and, of the two, forest-

ry probably has fewer mitigation or adaptation options than agriculture because for-

estry has much longer intervals between successive generations (narrative to this 

point in section 5.15 is based primarily on Karl et al. 2009). 

Climate Change Implications For Moist -Forest Management  

Much of the concern about climate change relates to how it might affect baseline 

climate conditions. But would climate change effects be additive, subtractive, or neu-

tral on baseline temperature and moisture relationships, and would their magnitude 

be great enough to exceed the environmental tolerances of existing plant species (ta-

ble 16 and fig. 64)? If the answer to the second question is yes, then one likely effect 

of climate change could be extirpation of certain plant species, and their associated 

fauna and ecosystem services, from portions of the Blue Mountains. 

Figure 64 shows the predicted future distributions for four existing tree species 

of the Blue Mountains (ponderosa and lodgepole pines, Engelmann spruce, and 

Douglas-fir), and for two species that do not currently occur in the Blues but might 

be expected to migrate here under future climate conditions (Gambel oak and pinyon 

pine). Figure 64 suggests that Engelmann spruce and lodgepole pine will experience 

significant contraction under future climate conditions (and other research also 

came to similar conclusions; see Coops and Waring 2011 as an example). 
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Table 16: Selected life history traits with relevance to climate-change adaptability. 
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Tolerance to shading L L L M M H H H 

Tolerance to full sunlight H H H H M L L L 

Seral status Early Early Early Mid Mid Late Late Late 

Tolerance to frost L L H H L H M M 

Tolerance to drought H M M M M L M L 

Rooting habit (depth) D D M M D S S S 

Fire resistance H H L M M L L L 

Evolutionary mode Inter. Inter. Spec. Gen. Spec. Inter. N.R. N.R. 

Seed germination on charred or ashy soil IN NE NE IN IN RE IN N.R. 

Maximum seed dispersal distance (feet) 120 150 200 400 330 120 200 100 

Potential for regeneration in the open H H H H H M L L 

Overall reproductive capacity H H H H H M M M 

Potential initial growth rate (first 5 years) H H H M M L M L 

Sources/Notes: Ratings derived from a variety of literature sources. Rating codes are: L, low; M, moderate; H, 

High; D, deep; S, shallow; IN, increased; NE, no effect; and RE, reduced. Overall reproductive capacity consid-

ers minimum cone-bearing age, seed crop frequency and size, seed soundness, and related factors. Evolutionary 

mode refers to the amount of genetic differentiation and is an indicator of how well a species could adapt to 

future climates (Gen. is generalist; Inter. is intermediate; Spec. is specialist; N.R. is not rated; source is Reh-

feldt 1994). 

Note that the tree-range distributions in figure 64 are based on climate envelope 

models, and it has been observed that these statistical models tend to overemphasize 

the role of climate in determining tree growth and mortality, while neglecting the 

influences of competition, dispersal barriers, carbon fertilization, soil characteristics, 

insects and diseases, topography, and macroclimate (Loehle and LeBlanc 1996). As 

is demonstrated by the maps for Gambel oak and pinyon pine (fig. 64), these models 

suggest that some tree species can thrive in climate zones beyond their present 

range limits. 

Since trees have long intergenerational periods, they have relatively slow migra-

tion rates. This means that without assisted migration (e.g., intentional movement 

of trees to new sites where it is believed they will be better adapted), it is expected 

that existing species will gradually become less adapted to their current habitats. As 

adaptation falters, forests will probably experience more episodes of dieback or de-

cline (often termed syndrome) characterized by interaction of several biotic and abi-

otic factors acting either simultaneously or successively (Schütt and Cowling 1985). 
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Figure 64 – Predicted future species distributions for selected tree species of the Blue Moun-

tains (adapted from Thompson et al. 1998). The top four maps show future distributions of 

species often found on moist sites; the bottom maps show species that could migrate into the 

Blue Mountains in response to a warmer and dryer future (neither species occurs there now). 

No Change Contraction Extension

Ponderosa Pine
No Change Contraction Extension

Lodgepole Pine

No Change Contraction Extension

Engelmann Spruce

No Change Contraction Extension

Douglas-fir

No Change Contraction Extension

Gambel Oak
No Change Contraction Extension

Pinyon Pine
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When considering possible effects of climate change on future tree species distri-

butions for the Blue Mountains (such as Devine et al. 2012), it is important to exam-

ine a suite of life history strategies because any individual trait offers physiological 

or morphological trade-offs preventing a species from being optimally adapted to 

every possible environment (McCune 1988). A small sample of important life-history 

traits for eight primary conifers of the moist-forest zone is provided in table 16. 

Certain life history traits in table 16, such as ‘tolerance to frost,’ might seem un-

related to climate change, at least in the context of global warming. But the cold har-

diness of trees has apparently been influenced by climate change, with boreal forests 

experiencing earlier loss of cold hardiness in response to early-spring warming (late 

April to early May), followed by severe frost damage during subsequent cold snaps in 

mid spring (mid to late May) (Man et al. 2009). Before the onset of climate change, 

frost damage in mid May was an unusual event because boreal trees had not lost 

cold hardiness at that point in the spring. 

Where can life-history information be found? In addition to a detailed autecologi-

cal summary prepared by Minore (1979), helpful life history information is provided 

by the North America silvics manuals (Burns and Honkala 1990a, 1990b), the USDA 

Fire Effects Information System (Fischer et al. 1996), and by on-line databases 

available through the National Biological Information Infrastructure. 

When considering precipitation patterns, it’s not just the potential for more and 

longer droughts in the future that is problematic – it’s the projected change in pre-

cipitation form, with less being received as snow and more as rain (fig. 65). This 

trend might improve forest growth in the short-term because as the growing season 

lengthens into early spring, spring rains and maximum soil moisture would coincide 

with a period when temperatures are reaching an optimum for tree growth. And 

since the Blue Mountains have a summer-dry, Mediterranean climate where soil-

based snowmelt storage is crucial for sustaining plant growth across a relatively 

long growing season, a change in precipitation from snow to rain is likely to induce 

earlier summer plant dormancy, lengthen the fire season, shorten the wetland satu-

ration period, and affect many other ecosystem services (van Mantgem et al. 2009). 

A ‘Dust Bowl’ (circa 1930s) magnitude drought has occurred once or twice per 

century over the previous 300-400 years (Woodhouse and Overpeck 1998), and mul-

ti-year droughts are common in the western U.S. over the past millennium (Cook et 

al. 2004). Climatic drought is projected to be more common in the future because 

mid-summer temperatures are expected to be higher, and summer precipitation 

amounts lower, than at present. Sometimes, there is a perception that moist envi-

ronments have a surplus of moisture, and that their relatively high precipitation 

amounts buffer them against the effects of drought and similar climate changes. 

But, new evidence suggests that most tree species maintain only a small hydraulic 

safety margin, and that moist or wet forest is just as vulnerable as dry forest, if not 

more so, to drought-induced tree mortality in the future (Choat et al. 2012). 

http://www.nbii.gov/
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Figure 65 – Recent changes in spring snowmelt runoff timing for the west-

ern United States (Karl et al. 2009, p. 33). This chart shows trends in stream-

flow runoff timing for the 1948-2000 period; Blue Mountain river basins occur 

in a zone where runoff occurred 10-20+ days earlier for the 1948-2000 period 

than it did previously. Ongoing climate change is expected to exacerbate this 

trend (Furniss et al. 2010, Stewart et al. 2004). 

Van Mantgem et al. (2009) found that widespread increases in mortality of old 

trees across the western United States was linked to regional warming; predicted 

trends in future temperature and precipitation suggest that bouts of increased tree 

mortality could occur more frequently, and with greater intensity or magnitude, 

than has been observed recently (van Mantgem et al. 2013). “If projections of a 

warmer and possibly drier climate are realized over the next century, massive tree 

mortality is a likely consequence, with major impacts on many of the values society 

places on forests, such as timber, recreation, wildlife habitat, watershed protection 

and reduction in atmospheric carbon dioxide concentration” (Birdsey and Pan 2011). 

Climate Change And Moist Forest Restoration  

“If denial ain’t just a river in Egypt, 

despair ain’t just a tire in the trunk” 

Al Gore 

If moist upland forests are to have a reasonable opportunity for persistence un-

der the future climate regime, restoring conditions more similar to the historical 

spatial characteristics of a heterogeneous, mosaic pattern is likely to function as a 

useful startpoint. Sustainable, moist-forest conditions can be achieved, even in the 

context of climate change, by completing the following activities: (1) reintroduce 

mixed-severity fire to change fire-free intervals from centuries to decades; (2) reduce 

accumulated surface fuels to levels ranging between 10 and 30 tons per acre (Brown 
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et al. 2003); (3) reduce dense canopy and ladder fuels to a canopy bulk density level 

of 0.05 kg/m3 or less (Powell 2010); and (4) increase the representation of fire-resis-

tant trees: ponderosa pines, western larches, and large-diameter Douglas-firs. 

Note that moist-forest restoration activities are envisioned for implementation 

on sites currently classified as moist upland forest; no attempt has yet been made to 

predict how this biophysical environment might expand, contract, or migrate in re-

sponse to future climate change. Although any attempt to model how the Moist Up-

land Forest (UF) PVG might increase at the expense of the Cold UF PVG would be 

speculative at this point, several climate change scenarios pertaining to the interior 

Pacific Northwest suggest this is a likely outcome. 

There is no assurance that current amounts and spatial configuration of moist 

forest will remain constant in the future, particularly in response to increased dis-

turbance levels under climate change. Research suggests that changes in fire and 

other disturbance processes due to climate feedbacks could have an important influ-

ence on moist-forest vegetation conditions. Carroll et al. (2004) showed that a shift 

in mountain pine beetle outbreaks occurred with warming climate, leading to in-

creasing outbreak frequency in areas with previously unsuitable climatic conditions 

and a decline in previously suitable areas. 

“Nitschke and Innes (2008a) found that warming by 4 °C (expected by the 2080s) 

would increase fire size (from a mean of 7,961 ha to 19,076 ha), increase fire severity 

(by 40% in spring, 95% in summer, and 30% in fall), increase fire season length (and 

consequently fire frequency, by 30%), increase the risk of crown-fire ignition and se-

vere fire behaviour (by 4% to 7%), and decrease the extent of fire-free areas (-39%)” 

(Haughian et al. 2012). Conclusions reached in the Nitschke and Innes (2008a) study 

are similar to other investigations involving the interior Pacific Northwest (Flanni-

gan et al. 2000, Rogers et al. 2011, Spracklen et al. 2009) – Littell et al. (2010) pro-

jected that the area burned in the Northwest could double or triple (or more) by the 

2080s (fig. 66). 

“The divergence in fire and climate since the mid 1800s has created a fire deficit 

in the West that is jointly attributable to human activities and climate change, and 

unsustainable given the current trajectory of climate change” (Marlon et al. 2012). 

The conclusion from Marlon et al. (2012) demonstrates that even though recent lev-

els of fire activity (since the mid 1980s) are viewed as uncharacteristically high by 

contemporary fire managers, particularly when interpreted in the context of digital 

fire atlas data available from 1910 to the present, they are actually low when con-

sidered in the context of fire activity for the previous 3,000 years. 

This means that recent levels of increased fire activity (i.e., levels experienced 

since the mid 1980s) are still perceived as a fire deficit when compared with a much 

longer temporal baseline (Marlon et al. 2012), and it is sobering to contemplate that 

climate change is expected to shift the fire-activity baseline to a significantly higher 

level, at least for certain fire regimes (fig. 66; Littell et al. 2009). And since the mid 
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1980s, many western states, including Arizona, New Mexico, Colorado, and Oregon, 

have all established records for their largest recorded forest fire. Over the past 10 

years in the western U.S., there have been at least five dozen fires reaching 100,000 

acres or more in size. 

 
Figure 66 – Predicted increase in area burned by wildfire as associated with 

a mean annual temperature increase of 1 °C (1.8 °F), shown as the percent-

age change relative to the median annual area burned during 1950-2003 

(source: Climate Central 2012). Results are aggregated to ecoprovinces (Bai-

ley 1995) of the western United States. Climate-fire models were derived 

from National Climatic Data Center climate division records and observed 

area burned data following methods described in Littell et al. (2009). The 

prediction shown here is similar to several reports from the National Re-

search Council showing at least a quadrupling of area burned in the western 

U.S. with each 1 °C of temperature increase (figure adapted from figure 5.8 in 

National Research Council 2011). 

This prediction is alarming because over the period from 1970-99 to 2070-

99, an increase in average annual temperature of 3.3 to 9.7 °F is projected, 

depending largely on whether global emissions eventually decline (the B1 

greenhouse gas emissions scenario) or continue to rise (the A1B, A2 emission 

scenarios), and the temperature increase is projected to be largest in summer. 

Mitigation And Adaptation In Response To Climate Change  

Many of the policy proposals being considered to address climate change are 

based on mitigation – reducing greenhouse gas emissions from energy use and land-

use changes to minimize the pace and magnitude of climate change. While mitiga-

tion is crucial, adaptation to climate change is increasingly viewed as a necessary 

and complementary strategy to mitigation (Joyce et al. 2009). Table 17 provides ad-

aptation strategies proposed for the National Forest System and pertaining to up-

land forest vegetation. Table 17 also describes the predicted compatibility of active 

management treatments with climate change adaptation strategies. 
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Table 17: Estimated compatibility of climate change adaptation strategies and ac-

tive management activities for moist upland forests. 

Climate Change Adaptation Strategies Compatibility With Moist Forests 

Improve the capability of ecosystems to with-

stand uncharacteristically severe drought, 

wildfires, and insect outbreaks at landscape 

scales. 

Thinning and similar active management 

practices might be necessary to improve the 

resistance and resilience of moist-forest veg-

etation, upon which many ecosystem ser-

vices depend. 

Facilitate natural (evolutionary) adaptation 

through silvicultural treatments that short-

en regeneration times and promote interspe-

cific competition. 

Adaptation strategies often recommend re-

generation cutting because existing stands 

are adapted to century-old climates, so new 

seedlings would then become adapted to fu-

ture (changed) climates.  

Where ecosystems will very likely become 

more water limited, manage for drought- 

and heat-tolerant species. 

When circumstances permit, composition 

could be changed to favor species with high 

tolerance to drought, open conditions, and 

fire (table 16). 

Reduce homogeneity of stand structure and 

synchrony of disturbance patterns across 

broad landscapes by promoting diverse age 

classes and species mixes, stand diversities, 

and genetic diversity. 

This strategy could best be addressed by per-

petuating age-class diversity, introducing 

additional species diversity when appropri-

ate, and trying new genotypes offering better 

environmental fitness. 

Reset ecological trajectories to take advan-

tage of early successional stages that are 

adaptive to present rather than past clim-

ates. 

Composition could be changed to favor early-

seral species with high tolerance or resis-

tance to drought, open conditions, and fire 

(table 16). 

Use historical ecological information to iden-

tify environments buffered against climate 

change and which would be good candidates 

for conservation. 

Many literature sources provide historical 

information with relevance for moist-forest 

ecosystems (Bright and Powell 2008, Gan-

nett 1902, Munger 1917, and others). 

Encourage local industries that can adapt to 

or cope with variable types of forest products 

because of the uncertainty about which tree 

species will prosper in the future. 

Small-diameter trees could be removed per-

iodically as restoration activities are imple-

mented and, depending on circumstances, 

they could be used for biomass products. 

Reforestation after disturbance may require 

different species than were present before 

the disturbance to better match site-level 

changes associated with climate change. 

We can use species life-history data such as 

fire resistance and drought tolerance (table 

16) to reforest with species having high resil-

ience to future climates. But should we also 

consider new species (adaptive migration)? 

After a disturbance event, use intensive site 

preparation activities to remove competing 

vegetation (Royo and Carson 2006) and re-

plant with high-quality, genetically appro-

priate, and diverse stock. 

This recommendation is similar to the one 

just before it, but with additional detail. It is 

feasible to use site preparation before plant-

ing, but any ‘intensive’ measures need to en-

sure protection of soil integrity. 
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Climate Change Adaptation Strategies Compatibility With Moist Forests 

To promote climate resilience for existing 

stands, use widely spaced thinnings or shel-

terwood cuttings and rapid response to for-

est mortality from fire or insects. 

Wide thinning spacings and shelterwood 

seed cuttings are compatible with moist up-

land forests. A rapid response to mortality 

would help address increased fire and insect 

risk as related to climate change impact. 

Plan for higher-elevation insect outbreaks, 

species mortality events, and altered fire 

regimes. 

It is expected that some fire regime III (mix-

ed-severity) areas could transition to fire 

regime I (low severity) as the future climate 

warms and dries. 

Sources/Notes: Adaptation strategies pertain to forest environments only, and were derived 

from Joyce et al. (2008, 2009) and West et al. (2009). Only forest-specific strategies were in-

cluded in this table. 

Table 17 suggests that active management practices reducing stand vulnerabil-

ity to uncharacteristically severe wildfire and other climate-influenced disturbance 

processes could satisfy multiple goals of near-term mitigation and mid-term adapta-

tion if they also reflect goals for other ecosystem services such as late-old structure 

and water quality (Joyce et al. 2009). And note that projected climate change is ex-

pected to influence more than just wildfire – temperature has been shown to play a 

major role in determining the abundance and distribution of insects and pathogenic 

fungi (Kliejunas 2011, Kliejunas et al. 2009), and elevated CO2 levels are associated 

with increased growth and aggressiveness of tree pathogens (Pinkard et al. 2011). 

Proposed restoration activities are expected to improve the adaptive capacity 

(Olsson et al. 2004) of moist upland forests in the Blue Mountains, particularly by 

alleviating the chronic stress associated with high tree density levels. Dense tree 

stands exist in a sort of perpetual physiological drought because there is not enough 

soil moisture to meet the water needs of all trees; thinning treatments are used to 

alleviate moisture stress, and allow residual trees to survive and continue growing. 

Since climate change could amplify the effects of density-caused stress by exposing 

forests to physiological and climatic drought simultaneously, the need for thinning is 

expected to be much greater in the future than at present, particularly because the 

improved physiological tree vigor resulting from thinning allows trees to produce 

more of the resins important for repelling insect and disease attacks (Kolb et al. 

1998, Mitchell et al. 1983, Pitman et al. 1982, Safranyik et al. 1998). 

We should also evaluate new silvicultural approaches for improving intra-stand 

heterogeneity in a climate change context, especially when considering whether to 

apply them across large spatial extents. One example is variable-density thinning 

(VDT) with skips and gaps (see the Young Stand Development discussion in section 

6) – this approach offers many advantages in terms of improving heterogeneity for 

moist-forest plantations, but research found that when trees are retained in an even 

distribution (in contrast to a heterogeneous VDT approach with skips and gaps), the 

change in soil water equivalent, which is related to snow accumulation, was signifi-

cantly increased when compared with untreated controls (Woods et al. 2006). 
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Management practices such as assisting species migration, creating porous land-

scapes (e.g., managed matrix providing habitat conditions through which species can 

move), and increasing genetic diversity in species planting mixes may be appropriate 

responses to changing climatic and disturbance regimes. Land managers, for exam-

ple, could focus on increasing the resilience of ecosystems to rapid climate change by 

establishing greater plant diversity (table 17). 

Managers could also use reference conditions from drier, lower, and more south-

erly sites to establish a ‘future range of variation’ (FRV), which would allow them to 

examine opportunities for species migration into, and across, areas currently classi-

fied as moist forest, while also accounting for how moist-forest areas might evolve 

(change) in the future (Hessburg et al. 2013). 

This FRV concept recognizes that the last decade of the 20th century was the 

warmest of the past millennium (Mann et al. 1999), perhaps suggesting that the rel-

atively xeric climatic conditions of the Holocene era (app. 6,000 years before present) 

may serve as a better analogue for near-term climate than the mesic conditions pre-

vailing during the past two centuries (Mock and Brunelle-Daines 1999). 

The approaches being considered to address climate change are near-term (miti-

gation or resistance) and far-term (adaptation or resilience). These are not ‘either-or’ 

options – both responses are needed to meet the climate change challenge. “In the 

long term, a sustainable forest management strategy aimed at maintaining or in-

creasing forest carbon stocks, while producing an annual sustained yield of timber, 

fibre or energy from the forest, will generate the largest sustained mitigation bene-

fit” (Intergovernmental Panel on Climate Change, Fourth Assessment Report, 2007). 

Since climate change has already progressed to a point where some effects are 

unavoidable, or already occurring (fig. 65 is an example), the adaptation strategy 

functions as an insurance policy to protect ourselves and our natural resource in-

vestments (plantations, etc.) from some of the future impacts of global change. 

The direct effects of climate change on temperature and precipitation, in combi-

nation with indirect effects related to wildfire, insects, and other disturbance pro-

cesses (Dale et al. 2001, Logan et al. 2003), could detrimentally affect the future pro-

vision of old-forest structure, properly functioning soil and water services, wildlife 

habitat, animal and plant diversity, recreational opportunities, and carbon storage. 

Climate modeling, for example, suggests that Engelmann spruce and western larch 

could be extirpated from the Blue Mountains by the early 22nd century (Rehfeldt et 

al. 2006). 
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Accounting For Increased Fire Occurrence In The Future  

 “When either the spatial extent or, more commonly, the frequency of a given se-

vere disturbance is at or beyond the extreme end of its historical range of variability, 

the regenerative capacity of an ecosystem may be overwhelmed (Paine et al. 1998)” 

(Drever et al. 2006). The potential for greater wildfire impact could promote estab-

lishment of shaded fuelbreaks (Agee et al. 2000) to help protect threatened ecosys-

tems, and it could foster greater application of defensive actions (such as low-density 

thinning) to protect forests from increasingly common bark-beetle activity, particu-

larly during droughts. 

As wildfire, bark-beetles, and other processes increase to a point where they af-

fect a greater proportion of the future landscape, managers could try to reduce land-

scape synchrony by promoting diversity in tree age classes, genotypes, and species 

assemblages (and, another reason to consider shaded fuelbreaks is not just for pro-

tection of values-at-risk, but to help prepare landscapes for wildfire in order to capi-

talize on fire’s ecological benefits). 

A ‘managed wildfire’ strategy, which would undoubtedly rely on a shaded fuel-

break system in conjunction with place-based treatments protecting values-at-risk, 

would offer many potential benefits in a warmer and drier future: “Fire suppression 

can be relaxed in remote areas, letting unplanned ignitions burn under the observa-

tion of fire crews, even for weeks or months in summer, so that alternating smolder-

and-run fire behavior develops in phase with a broad range of weather conditions, 

promoting heterogeneous burn severities over the landscape as reported in numer-

ous pre-suppression accounts” (Goforth and Minnich 2013). 

Mitigation and adaptation strategies other than managed wildfire exist for up-

land forest biophysical environments; 13 general recommendations are provided in 

figure 67 by grouping them into three primary ecosystem components influencing 

upland forests – composition, structure, and stand density – and the components are 

arrayed under an overarching umbrella of climate change. The reason that climate 

change is shown as an overarching influence is that it is expected to function in just 

this way – all three of the ecosystem components will be affected by future climate 

change, and they will likely be affected in a similar manner and to a similar extent. 

Obviously, changes in the extent, severity, or frequency of a disturbance process 

to the degree portrayed for wildfire in figure 66 is likely to disrupt the regenerative 

capacity of a tree species, perhaps leading ultimately to species extirpations. Such 

changes would also cause substantial ripple effects across many biological webs 

(Perry et al. 2008). If climate change, along with associated changes in disturbance, 

precludes us from sustaining our current level of ecosystem components (composi-

tion, structure, density), then how can we expect to sustain the ecosystem goods and 

services relying on these components (Ford et al. 2011)? 
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Figure 67 – Mitigation and adaptation options as related to predicted climate 

change (adapted from Joyce et al. (2008, 2009) and West et al. (2009)). This figure 

provides a few ideas for addressing climate change by incorporating short-term 

mitigation and long-term adaptation approaches into an active management 

strategy. Note that these suggestions are directed primarily at addressing pre-

dicted environmental conditions (temperature and precipitation) for the interior 

Pacific Northwest (Littell et al. 2010). Climate change is shown as an ‘umbrella’ 

because it is expected to have overarching effects on ecosystem components (spe-

cies composition, forest structure, and stand density), and on disturbance regimes 

influencing these components. This means the options shown here may be intui-

tively attractive for addressing changes in the components caused by a warmer 

and dryer future, but they may not necessarily represent the ‘best’ approaches for 

addressing changes to disturbance regimes. An example: promoting diverse age 

classes and heterogeneous structures is designed to help maintain options for an 

uncertain future (i.e., don’t put all the eggs in one basket), but this approach is 

not well aligned with a future where wildfire occurrence may be two or three or 

perhaps even six times greater than at present (Littell et al. 2010, and see fig. 

66). [Note that LLMZ refers to the lower limit of the management zone – see fig-

ure 77 later in this paper for more information about the LLMZ.] 
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Section Summary 

 Nature provides two patterns for managers to follow – succession and disturbance. 

They are opposing yet complementary forces; succession includes the normal growth 

and development of a forest, but disturbance can interrupt succession at any time. 

Active management is used to impose disturbance (silviculture) and modify forest 

development. 

 Active management can be used to address altered disturbance regimes and improve 

forest health. Restoring healthy forests should not attempt to recreate the past (his-

torical conditions), but focus instead on protecting and nurturing an ecosystem’s ca-

pacity for change (its innate processes and functions). This concept can help us decide 

whether fires, insect outbreaks, and other disturbance processes are ‘healthy’ or not. 

 The range of variation (RV) is an analytical technique for characterizing ecosystem 

conditions through time. This section provides moist-forest RV information for vege-

tation cover types, forest structural stages, stand density classes, insect and disease 

susceptibility, and canopy fuel loading. 

 Healthy, resilient, and productive forests rely on healthy, resilient, and productive 

soils. The effects of forest management on soil productivity are described, including 

the implications of wildfire and prescribed fire on soil nutrients. Nitrogen, a nutrient 

readily volatized by the heat of a fire, occurs in high amounts in the organic matter of 

moist-forest soils, rendering it vulnerable to loss from wildfire. This section provides 

14 nutrient management strategies for moist-forest soils. 

 An ecological approach to active management is adaptive, and it appraises forest con-

ditions in the context of proper function. Group selection cutting emulates gap-phase 

processes such as pathogenic stem decay and root diseases; regeneration cutting 

mimics patch-creating processes like mixed-severity wildfire, mountain pine beetle in 

lodgepole pine, and windstorm. 

 Moist forests in the Blue Mountains are resilient, and much of their resilience stems 

from the fact that they occupy moderate or intermediate ecological settings (as de-

scribed in figure 9, section 4). Their mesic environmental conditions result in high 

levels of species diversity. High tree species diversity provides valuable ecosystem 

redundancy because any particular disturbance process is unlikely to affect all spe-

cies with similar levels of severity (tree mortality). 

 As is true for most natural resource issues, scale is an important consideration for 

active management of moist forests. The functionally important scale for moist for-

ests is the stand or patch because processes or functions typically affect an entire 

patch or stand. However, the results of process and function (composition, structure, 

and density) should be interpreted in a landscape context to understand their ecolog-

ical significance. 

 Section 6 concludes with some perspectives about disturbance emulation; the future 

role of timber management in moist forest; active management for fire resilience, 

postfire recovery, young stand development, and restoration of limited vegetation 

components; adaptive management in support of moist-forest project planning; and 

consideration of best available science when planning moist-forest projects. 
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6.1 Disturbance, Succession, And Silviculture  

Goal: apply the right practices, in the right places,  

at the right times, and for the right reasons. 

Broadly speaking, nature provides two patterns for silviculturists to follow. The 

first is called succession – the normal growth and development of an existing forest. 

The second is known as disturbance – the partial or complete destruction of an exist-

ing forest through natural events. Ecologically, succession and disturbance deter-

mine the development of a forest stand. Silviculture, however, does not precisely 

mimic nature because nature’s ways are far more random and sometimes more dis-

ruptive than society finds acceptable.4 

Succession and disturbance are opposing yet complementary forces. When un-

dergoing succession, a community progresses from early rapid changes to later stag-

es featuring slow, almost imperceptible changes. As described in sections 4 and 5 of 

this white paper, some or all of the vegetation is killed during disturbance, setting 

succession back to an earlier stage (see figures 10, 11, and 16). 

Secondary forest succession is what we think of as the normal growth and devel-

opment of a forest stand. It begins after disturbance when new trees start to grow, 

and it continues through four distinct stages that if unaffected later by another se-

vere disturbance process, extends ultimately to an old forest (see table 5 on page 31). 

Succession can be explained in terms of an idealized time continuum. Assume 

that at a starting point called year zero, fire, windstorm, or another major disturb-

ance event kills most of the vegetation on a site. Secondary forest succession begins 

with this deforested condition at year zero, immediately following the disturbance. 

From this point on, and assuming no more stand-killing disturbances, the stand will 

pass through four distinct stages of development (table 5). 

Disturbance is the ecological counterpoint to succession. Plant communities de-

velop during succession by progressing from immature to mature stages, but dis-

turbance can interrupt succession at any time. Some disturbances are severe enough 

to set a plant community back to the beginning of the stand initiation stage. Others 

are so minor that only one or a few trees are affected, and these small changes can 

actually help advance forest succession during the stem exclusion, understory rei-

nitiation, and old-forest stages (table 5). 

When judged using ecological time scales, the amount of time that disturbances 

directly affect a stand is infinitesimal. But these changes are extremely important 

ecologically because they allow new generations of vegetation to get established and 

develop. Disturbances are of keen interest to ecologists and foresters because they 

establish the ecological conditions under which new plant communities are created. 

                                                 
4 The introductory portion of section 6 (consisting of about 2½ pages) was adapted from Guldin (1996). 



 

 171 

Disturbances vary in at least three dimensions. Frequency is the rate at which 

disturbances recur over time. Frequent disturbances occur every few years, whereas 

infrequent disturbances occur once every few centuries. Predictability describes the 

regularity of a disturbance, such as timing of flood events on a river or stream (cot-

tonwood and willow regeneration is tightly synchronized with flood timing, not with 

flood frequency). Magnitude is the duration of a disturbance event, and it varies 

from minutes (such as wildfire) to years (such as drought). Magnitude is often ex-

pressed using two related concepts called intensity and severity (see table 3, p. 16). 

In the Pacific Northwest, a severe disturbance that sets succession back to the 

stand initiation stage is not uncommon. These large events, such as the volcanic 

eruption of Mt. St. Helens in 1980 or the Tower wildfire in 1996, are spectacular but 

only tend to occur every half century or more. Partial disturbance in which some of a 

stand is killed, but much of the overstory and mid-story survives, is also common. 

Stands resulting from partial disturbance have more diversity in structure and plant 

species composition than stands created by a complete disturbance (see fig. 9, p. 24). 

And wildlife species also show a strong response to disturbance: “species show a 

range of responses to disturbance. Some require open, early-successional conditions, 

some require mature communities, and some can survive in both early and late-

successional habitats. Increases or decreases in disturbance levels relative to histor-

ical conditions may threaten biological diversity” (White et al. 1999). 

Using Silviculture To Impose Disturbance  

Foresters use silviculture to impose disturbance and modify successional devel-

opment in a stand. Silvicultural treatments are used to remove some of the trees so 

those remaining can develop better. The degree to which these prescribed actions 

imitate nature depends on how they are implemented. Regeneration cutting imitates 

disturbance; thinnings and other intermediate treatments imitate succession. 

 A forester’s first alternative is that of no treatment. But other alternatives in-

volve removing increasing proportions of the vegetation. The choice of alternatives 

must be consistent with the ecology of species comprising a stand, existing stand 

conditions, and future conditions desired by the Forest Plan. Even-aged regeneration 

cutting imitates disturbance affecting an entire stand; uneven-aged cutting mimics 

disturbance affecting portions of a stand. Figure 14 (page 37) shows four silvicultur-

al cutting methods and how they retain varying numbers of residual trees. 

The stages of stand development, along with gradients of disturbance magnitude, 

provide an ecological basis for silviculture. The early stages of stand development set 

the stage for even-aged silviculture. By imposing disturbances severe enough to pro-

mote regeneration, the forester can encourage the development of intolerant and 

mid-tolerant species distributed uniformly across a stand. In figure 13 (page 36), 

these treatments are called stand initiating, as compared to stand-maintaining 

treatments designed to mimic the late stages of stand development. 
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The later stages of succession, primarily the understory reinitiation and old for-

est stages, provide the ecological basis for uneven-aged silviculture. A silvicultural 

prescription that imitates scattered natural mortality in the upper crown classes can 

promote development of reproduction continuously over time. The goal of uneven-

aged silviculture is to stabilize stand structure and biomass over long periods, thus 

emulating the old forest stage. But other ecological attributes of the old forest stage 

(such as snags and down wood) are also provided by uneven-aged silviculture. 

The most intense, small-scale disturbances do not affect an entire stand, but can 

create openings within a stand. Natural examples include a localized insect infesta-

tion such as western pine beetle, a small area of windthrow, or an area of torching 

within a larger surface fire. Such a disturbance creates a gap in the tree canopy; re-

production becomes established and develops within this opening. Ecological condi-

tions within the gap are affected by bordering trees, depending on opening size and 

shape. Foresters often use group selection cutting to mimic these conditions. 

The least intense, small-scale disturbance in a stand is a single tree falling, or 

dying while standing, in the woods. Causes of such individual tree mortality include 

diseases, insects, lightning, windthrow, or some combination of these factors. If the 

dying tree had a large crown, shade-tolerant reproduction will become established in 

the gap created in the canopy. In the smallest gaps, the opening may close before 

reproduction can grow into the main canopy, and the reproduction may then persist 

without further growth (stagnate), or it might even become suppressed and die. For-

esters often use individual-tree selection cutting to mimic these conditions. 

Ecologically, what these succession and silvicultural approaches have in common 

is that they all involve some sort of renewal cycle, generally initiated by a disturb-

ance event. The disturbance event can be a wildfire, a ‘pest’ infestation of insects or 

disease, blowdown associated with a windstorm, or it could be a human-caused fire 

or a patch of forest harvested to meet socioeconomic needs (Gunderson et al. 2010). 

If a disturbance is small (e.g., it has limited spatial extent and intensity or severity), 

then it can function as a ‘release’ agent contributing to system renewal by facilitat-

ing a reorganization phase in which the ‘memory’ of an ecosystem (legacies) is trans-

ferred from one generation to the next (perhaps a good example of ecosystem mem-

ory is serotinous cones in lodgepole pine forest). 

But an interesting and informative aspect often overlooked is the ‘social memory’ 

represented by traditional ecological knowledge, particularly as reflected in long cul-

tural traditions of using prescribed fire and other resource management practices to 

maintain and enhance huckleberries, root plants (camas, bitterroot, cous, etc.), and 

other first foods (Turner 1999) (fig. 51, and section 5.11, describe first foods consid-

erations in more detail). And while the Native American aspects of cultural tradition 

are often emphasized (for good reason), we shouldn’t forget the cultural customs, 

values, and traditions introduced by early Euro-American emigrants to the Blue 

Mountains area (as described in sources such as Tucker 1940). 
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6.2 Forest Health 

The mission of the USDA Forest Service is to sustain the health, 

diversity, and productivity of the Nation’s forests and grasslands 

to meet the needs of present and future generations.  

Historical Context For Forest Health Discussion  

Over the last 30 years, Blue Mountain forests experienced increasing impacts 

from wildfire, insects and diseases. Scientific assessments documented the high 

damage levels and speculated about their underlying causes (Caraher et al. 1992, 

Gast et al. 1991, Hessburg et al. 1999, Lehmkuhl et al. 1994, Quigley and Arbelbide 

1997, Quigley et al. 1996, Shlisky 1994). Partly in response to the scientific assess-

ments, the Blue Mountains were portrayed in numerous newspaper and magazine 

articles as having perhaps the worst forest health in the western United States 

(Durbin 1992; East Oregonian 1992; Gray and Clark 1992; Kenworthy 1992; Lucas 

1992, 1993; McLean 1992; Petersen 1992; Phillips 1995; Richards 1992). 

As the Blue Mountains gained notoriety as a prime example of poor forest health, 

much of this perception reflected the previous ‘balance-of-nature’ paradigm where 

large forest fires and landscape-scale insect outbreaks were viewed as indicators of 

impaired ecosystem function. While some aspects of this perspective have merit 

(compositional and structural changes have most certainly moved contemporary eco-

systems further away from their historical reference conditions), the current para-

digm acknowledges that insects, fires, and other disturbance processes also function 

as ecosystem ‘tools’ for responding to altered conditions. 

Altered disturbance regimes often result in forest health issues such as stand-

initiating wildfires or insect outbreaks, but the conditions contributing to these 

changes take decades or centuries to develop. Plant succession in combination with 

human influence and extremes in weather are the primary initiators of forest health 

issues; insect outbreaks and disease epidemics may be little more than symptoms of 

an underlying problem (Sloan 1998, Steele 1994). Forest ecosystems will adjust to 

altered disturbance regimes with the only tools available – insects, diseases, wild-

fire, and to a limited extent, microbial decomposition (Harvey 1994; also see fig. 7). 

The Blue Mountains forest health crisis of the early 1990s raised several im-

portant questions. Do insect outbreaks and disease epidemics indicate that ecosys-

tems are unhealthy? And what do large, landscape-scale fires indicate in an ecologi-

cal context? Since ecosystems are constantly changing, we need to evaluate their 

health in a similar manner. Resilient forests not only tolerate periodic disturbance, 

they may depend on it for rejuvenation and renewal (Johnson et al. 1994). Signifi-

cant changes in the magnitude (extent), intensity, or pattern of disturbance, howev-

er, may be indicators of impaired ecosystem integrity (Sampson and Adams 1994). 
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Many disturbance processes have been characterized as catastrophic (Kauffman 

2004) – a recent example was an outbreak of western spruce budworm in the Blue 

Mountains between 1980 and 1992. Such characterizations are often inaccurate, 

since true catastrophes are rare and seldom repeated with regularity (Rogers 1996). 

Catastrophe, like beauty, may be in the eye of the beholder. Although the 1980-92 

budworm outbreak might qualify as an uncharacteristic disturbance event for areas 

such as the North Fork John Day River basin (Shlisky 1994), where host-type forests 

experienced atypical impacts, it was not a catastrophe because species extirpations 

and other enduring ecological changes did not result (Powell 1994). 

Defining And Interpreting Forest Health  

Forest health has been defined in many different ways (see one definition in 

glossary from Helms 1998). A popular definition is: “forest health is a condition of 

forest ecosystems that sustains their complexity while providing for human needs” 

(O’Laughlin et al. 1994). Some folks are uncomfortable with this definition because 

it contains a human component – the “providing for human needs” aspect. But this 

portion of the definition is valuable because it provides context for evaluating forest 

health, i.e., are changes in forest ecosystems affecting society’s capability to achieve 

the objectives established for a landscape? Inherent in this concept is the realization 

that societal objectives vary from one landscape to another, so what qualifies as a 

healthy landscape could also vary from one area to another. 

Another potentially bothersome aspect of forest health is the term ‘health.’ Al-

though forest health helps with communication because people can easily draw an 

analogy to human health, it is widely recognized that human health is not a valid 

metaphor for ecosystem health (Wicklum and Davies 1995). In humans, determining 

health is relatively simple because vital signs (blood pressure, body temperature, 

heart rate, etc.) are well known, and they vary only slightly around a predictable 

value determined by readings taken from many individuals. However, defining one 

optimal condition for an ecosystem is not possible and, although structural compo-

nents of an ecosystem are interconnected, the ecosystem itself does not rely on indi-

vidual components to function as a whole. For example, if all the trees in an ecosys-

tem were eliminated, the original ecosystem type would no longer exist but an eco-

system would still continue to function – it would just be dominated by something 

other than trees (Wicklum and Davies 1995). 

It is clear from the forest health definition given above that healthy forests can 

contain insects, pathogens, parasites, and other tree-killing agents, but the dead 

trees they create should occur at levels approximating historical ranges, and not in-

hibit perpetuation of sustainable ecological conditions. This means that historical 

information in general, and the range of variation in particular (section 6.3), can be 

useful tools when deciding if current conditions are ‘healthy’ or not. 
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Restoring Health And Resil ience  

In some portions of the Blue Mountains, landscape-scale changes have occurred 

so extensively that simply reintroducing native disturbance processes (wide-ranging 

wildfire, for example) would produce effects well outside of any historical precedent. 

These effects are undesirable if they move an ecosystem further away from, rather 

than closer to, the desired future condition (Landres et al. 1999). A common percep-

tion, for example, is that today’s large fires are an ecological catastrophe because 

they burn vast areas (Keane et al. 2008). But just because a fire is large doesn’t 

mean it is unnatural or outside of any historical precedent (Malamud et al. 2005, 

Pyne 1997). And, depending on fire behavior and associated fire effects, it may be 

appropriate to view large fires as fuel management treatments providing ecosystem 

restoration benefits (Donovan and Brown 2008, Keane et al. 2008). 

In situations where current conditions deviate significantly from reference (his-

torical) conditions, some type of active management (using commercial thinning to 

reduce tree biomass levels, or big-game hunting to relieve herbivory pressure) may 

be needed before a disturbance process could be successfully reintroduced (Aplet and 

Keeton 1999, Case and Kauffman 1997, Pickett and Parker 1994). And, this strategy 

recognizes that the long-term health of wildland ecosystems and rural economies are 

complementary, rather than opposing, goals (Berkes 2004). 

Restoration in the context of a museum curator’s work with paintings, sculpture, 

original manuscripts, and other priceless artifacts attempts to completely halt, or 

even reverse, the effects of change (Lundholm and Larson 2004). This differs from 

biological or ecological restoration, which is not about recreating the past except as a 

reference point. Biological restoration seeks not to preserve an historical artifact like 

a painting or sculpture, but to protect and nurture an ecosystem’s inherent capacity 

for change (Falk 1990). Thus, ecosystem restoration focuses on function, rather than 

attempting to recreate an exact species assemblage or landscape patch distribution. 

The concept of ecological restoration being oriented toward function (process) ra-

ther than composition or structure might be analogous to physical rehabilitation – 

when a person loses a limb, a physician would replace it with a prosthetic device. 

Because a prosthetic device is designed to restore the function of a lost limb, not to 

replace original flesh and bones, this medical process is typically referred to as reha-

bilitation rather than restoration (Choi 2007). 

All of these restoration concepts are aligned with the Chief’s vision: “Our goal is 

to sustain and restore ecosystems that can deliver all the benefits that Americans 

want and need. Due to changing climate, we may not be able to restore them to their 

original condition, but we can move them toward ecological integrity and health. The 

Forest Service recognizes that increasing the pace and scale of restoration and active 

management of the National Forests is critically needed to address these threats to 

the resiliency of our forests and watersheds and the health and safety of America’s 

forest-dependent communities” (Tidwell 2012).  
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6.3 Range Of Variation5 

What is 300 or 400 years in the sweep of ecological history? 

Nothing but a slender thread in the tapestry of time. 

The range of variation (RV) recognizes that ecosystems are complex and they ex-

perience a range of conditions across which processes are resilient and self-sustain-

ing (fig. 68). When allowed to move beyond the limits of the range of variation, eco-

systems inevitably move into a state of disequilibrium or disorganization (Egan and 

Howell 2001, Holling and Meffe 1996, Kaufmann et al. 1994). 

The range of variation (RV) is an analytical technique to characterize inherent 

variation in ecosystem composition, structure, and function, reflecting recent evolu-

tionary history and the dynamic interplay of biotic and abiotic factors (fig. 68). 

“Study of past ecosystem behavior can provide the framework for understanding the 

structure and behavior of contemporary ecosystems, and is the basis for predicting 

future conditions” (Morgan et al. 1994). “Because one of the goals of current forest 

management is to model management actions on the temporal and spatial dynamics 

of natural processes, knowledge about the historic variability of natural disturb-

ances is an important prerequisite” (Wong et al. 2003). But also because of natural 

variation, we should acknowledge that natural resource systems are extraordinarily 

difficult to control with management actions (Holling and Meffe 1996). 

RV is meant to reflect ecosystem properties free of major influence by Euro-

Americans, thereby providing an insight into ecosystem resilience (Kaufmann et al. 

1994). It helps us to understand what an ecosystem is capable of, how historical dis-

turbance regimes functioned, and the underlying variation in ecosystem processes 

and functions – the patterns, connectivity, seral stages and cover types produced by 

ecological processes operating at a landscape scale (USDA Forest Service 1997). RV 

uses a range of reference conditions pertaining to the presettlement era – a time-

frame defined as the mid 1800s for the Blue Mountains. 

Perhaps the best yardstick for addressing ecosystem health is the range of varia-

tion – are changes caused by insects, diseases and wildfire consistent with what 

would be expected (the RV) for similar ecosystems and vegetative conditions? But 

since the composition and structure of a forest ecosystem changes as development 

progresses, it is important that land managers understand how plant succession in-

fluences forest development to ensure that management activities are placed on a 

sound ecological foundation: “manipulation of a forest ecosystem should work within 

the limits established by natural disturbance patterns prior to extensive human al-

teration of the landscape” (Hunter 1999, p. 29). 

                                                 
5
 Detailed information about the range of variation is provided by white paper F14-SO-WP-Silv-3: “Range 

of variation recommendations for dry, moist, and cold forests” (Powell 2013). 
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Figure 68 – The range of variation (RV) places existing amounts of vegeta-

tion composition, structure, and density in an ecological context (Aplet and 

Keeton 1999, Morgan et al. 1994, Swanson et al. 1994). This diagram shows 

the ecological trajectory of an ecosystem component (the solid line) varying 

through time because the phrase ‘range of variation’ is meant to encompass 

more than just the extreme values (the upper and lower limits, shown as 

dashed lines) (diagram modified from Morgan et al. 1994). 

RV is a good example of the dynamic equilibrium concept because modal 

or central-tendency conditions obviously vary over time (shown by the squig-

gly solid line in the center), and yet they vary within an equilibrium zone 

whose limits (the dashed lines) are confined within a range of potential eco-

logical expressions. Conditions occurring above the upper limit are considered 

to be over-represented; conditions below the lower limit are considered to be 

under-represented (the over- and under-representation zones are gray). 

Studies examining plant succession suggest that instead of seeking an elusive or 

nonexistent equilibrium, we should be looking for the trajectory over which an eco-

system is most likely to proceed in the future. Rather than trying to maintain a for-

est in one homeostatic state, for example, we should be asking whether or not an ac-

tion (or no-action) will allow it to stay within a set of bounds (the RV; fig. 68) that 

seem either normal or preferred (Botkin 1994, Steele 1994). Although the RV ap-

proach has recently been questioned, it is still believed to function as a useful tool to 

inform management practices rather than to set firm targets (Thompson et al. 2009). 

RV And Active Management  

As mentioned on the previous page, RV has been proposed as an appropriate way 

to assess forest health. Since a key premise of RV is that native species have evolved 

with, and are adapted to, the disturbance regime of an area, ecosystem components 

occurring within their historical range are believed to represent healthy situations 

(Aplet and Keeton 1999, Swanson et al. 1994). At a landscape scale, a moist forest 

might be considered healthy if the spatial and temporal patterns of compositional 

and structural patches are within RV for any particular biophysical environment. 

Both now and in the future, a desirable landscape condition for the Blue Moun-

tains province is a diverse, heterogeneous vegetation mosaic more consistent with 

the historical range of variation, less susceptible to uncharacteristic disturbance 
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events, and thus more sustainable (Mutch et al. 1993, Sampson et al. 1994). Using 

an RV approach to help restore vegetation diversity means providing a full diversity 

of structural elements in variable configurations and quantities, with the ultimate 

objective being maintenance of the dynamic patterns and processes that are integral 

to healthy ecosystems (Aplet and Keeton 1999). 

RV concepts were included in a recent definition of forest ecosystem integrity: “a 

forest ecosystem has integrity if its structure and species composition, the rate of its 

ecological processes, and its ability to resist change in the face of disturbance or 

stress are within the characteristic range exhibited historically by that ecosystem” 

(Kimmins 1996). For example, the range of variation acknowledges that susceptibil-

ity to spruce beetle (a disturbance agent and a stressor) increases as spruce-fir for-

ests mature, even though not all mature spruce-fir forest is predestined to experi-

ence a spruce beetle outbreak. 

Much of our current standard of living depends on converting landscapes to con-

ditions outside their range of variation to satisfy human purposes and needs (rivers 

dammed to provide hydroelectric power and irrigation water, fish stocking to sup-

port recreational and commercial fishing, fire suppression to protect property and 

natural resources, bluebunch wheatgrass steppes converted to wheat fields for food 

production, etc.) (DeFries et al. 2004). 

When human activities alter landscapes, regardless of the impact, the alterations 

tend to continue as long as the majority of the population finds them acceptable. 

This situation suggests that a ‘social range of variation’ is needed – the range of eco-

logical conditions that society finds acceptable (Reeves and Duncan 2009). But our 

experience also suggests that because of their inherent variation, natural systems 

can be difficult to ‘control’ with human activities, if for no other reason than ecosys-

tem cause-and-effect relationships may be unclear or difficult to recognize. 

For moist upland forests that have been substantially disturbed or are far out-

side their range of variation, restoration treatments are often prescribed (Morgan 

2004). Realigning current conditions with predicted future conditions, rather than 

restoration to historical conditions, may be a preferred choice when considering ex-

pected climate change. In effect, such an approach seeks to align current moist-

forest conditions with a range of expected future environments (Alfaro et al. 2010). 

Although the historical range of variation concept is viewed as incompatible with 

future conditions affected by climate change (Millar and Woolfenden 1999), we must 

still acknowledge that historical information is invaluable, as current ecosystems 

have adapted to and survived abrupt climate change in the far past (including a very 

warm period 4,000-8,000 years ago). Also, it may be important to recognize that re-

storing forests to their presettlement condition would generally result in composi-

tion, structure, and density that is more resilient and resistant to expected future 

changes in climate and disturbance regimes than is represented by the vast majority 

of existing forest conditions for the western U.S. (Stephens et al. 2010, 2012). 
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Range of variation information for species composition, structural stage, tree 

density, and insect and disease susceptibility is provided in tables 18-21, and all of it 

pertains specifically to moist, upland-forest biophysical environments of the Blue 

Mountains ecoregion. 

Table 18: RV information for vegetation cover type on 

the moist upland forest potential vegetation group. 

Vegetation Cover Type  

Range of Variation 

(Percent)  

Grass-forb  0-5 

Shrub  0-5 

Western juniper  NA 

Ponderosa pine  5-15 

Douglas-fir  15-30 

Western larch  10-30 

Broadleaved trees  1-10 

Lodgepole pine  25-45 

Western white pine  0-5 

Grand fir  15-30 

Whitebark pine  NA 

Subalpine fir and spruce  1-10 

Sources/Notes: Derived from disturbance process modeling 

using the Vegetation Dynamics Development Tool (VDDT) 

(Powell 2012). NA is Not Applicable. Cover types, which re-

flect the existing vegetation composition of a polygon (Eyre 

1980, Shiflet 1994), consist of these coding combinations: 

Grass-forb: all grass and forb codes; 

Shrub: all shrub codes; 

Western juniper: JUOC and mix-JUOC; 

Ponderosa pine: PIPO and mix-PIPO; 

Douglas-fir: PSME and mix-PSME; 

Western larch: LAOC and mix-LAOC; 

Broadleaved trees: POTR, POTR2, mix-POTR, and mix-POTR2; 

Lodgepole pine: PICO and mix-PICO; 

Western white pine: PIMO and mix-PIMO; 

Grand fir: ABGR and mix-ABGR; 

Whitebark pine: PIAL and mix-PIAL; 

Subalpine fir and spruce: ABLA, PIEN, mix-ABLA, and mix-PIEN. 

Explanatory note for species composition RV information: The in-

formation in table 18 expresses the percentage of a moist-forest landscape 

(preferably at least 15,000-35,000 acres in size) occupied by various vegeta-

tion cover types (e.g., ponderosa pine, grand fir, etc.). A cover type may have 

more than 50% of one species (e.g., ABGR); if less than 50% of a species is 

predominant, then the cover type is named for a species comprising the plu-

rality of stocking (e.g., mix-ABGR). I must emphasize that the species com-

position information provided in table 18 does NOT pertain to the composi-

tion one might expect for any individual mixed-species, moist-forest stand. 

In other words, a mixed, moist-forest stand would not be expected to contain 

5-15% ponderosa pine, 15-30% Douglas-fir, and so forth. 
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Table 19: RV information for forest structural stage on the 

moist upland forest potential vegetation group. 

Forest Structural Stage  

Range of Variation 

(Percent)  

Stand initiation  20-30 

Stem exclusion  20-30 

Understory reinitiation  15-25 

Old forest single stratum  10-20 

Old forest multi strata  15-20 

Sources/Notes: Based on disturbance process modeling from 

the Vegetation Dynamics Development Tool (VDDT) (Powell 

2012). Forest structural stages are described in table 5. 

Table 20: RV information for tree density on the moist upland forest potential veg-

etation group. 

Tree Density Class 

(mixed composition at a quadratic mean diameter of 10") 

Range of Variation 

(Percent) 

Low (<78% CC; <103 ft2/acre BAA; <189 tpa or sdi)  20-40 

Moderate (78-86% CC; 103-154 ft2/acre BAA; 189-283 tpa or sdi)  25-60 

High (>86% CC; >154 ft2/acre BAA; >283 tpa or sdi)  15-30 

Sources/Notes: Derived from Powell (2012b). Note that CC refers to canopy cover, BA to ba-

sal area per acre, tpa to trees per acre, and sdi to stand density index. All Tree Density 

Class values pertain to an even-aged stand structure and a mixed species composition (30% 

Douglas-fir, 20% western larch, 20% lodgepole pine, and 30% grand fir). The tpa and sdi 

values are the same because the sdi system uses a 10" quadratic mean diameter (QMD) as 

its reference tree size; sdi and tpa values are the same when QMD is 10 inches. 

Table 21: RV information for insect and disease susceptibility 

on the moist upland forest potential vegetation group. 

Insect and Disease Agents 1  

Range of Variation 

(Percent)  

Defoliating insects  

 Low susceptibility  5-10 

 Moderate susceptibility  20-30 

 High susceptibility  35-80 

Douglas-fir beetle  

 Low susceptibility  30-60 

 Moderate susceptibility  20-40 

 High susceptibility  10-30 

Fir engraver  

 Low susceptibility  30-70 

 Moderate susceptibility  10-20 

 High susceptibility  20-40 

Spruce beetle  

 Low susceptibility  50-95 

 Moderate susceptibility  10-25 

 High susceptibility  0-10 
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Insect and Disease Agents 1  

Range of Variation 

(Percent)  

Bark beetles in ponderosa pine  

 Low susceptibility  30-65 

 Moderate susceptibility  15-30 

 High susceptibility  15-35 

Mountain pine beetle in lodgepole pine  

 Low susceptibility  30-60 

 Moderate susceptibility  25-40 

 High susceptibility  5-30 

Douglas-fir dwarf mistletoe  

 Low susceptibility  30-65 

 Moderate susceptibility  20-45 

 High susceptibility  10-20 

Western larch dwarf mistletoe  

 Low susceptibility  5-20 

 Moderate susceptibility  15-40 

 High susceptibility  40-70 

Root diseases  

 Low susceptibility  5-25 

 Moderate susceptibility  20-40 

 High susceptibility  35-65 

Sources/Notes: Derived from Schmitt and Powell (2012). Queries for 

calculating susceptibility ratings for forest polygons are available 

from Schmitt and Powell (2005). Conceptually, forest components 

(composition, structure, density; tables 18-20) occurring within their 

ranges of variation would produce insect and disease susceptibility 

occurring within the ranges shown in this table. 
1  Defoliating insects includes western spruce budworm and Douglas-

fir tussock moth; bark beetles in ponderosa pine includes western 

and mountain pine beetles; root diseases include laminated root rot 

and Armillaria root disease. 

6.4 Forest Management And Soil Quality 

In the timber production era of the 1950s to 1980s, “rapid industrialization and 

inexpensive energy created the illusion that forests could be indefinitely modified to 

boost timber production. Consequently, silviculture adopted methods more akin to 

agricultural crop production, such as preference for monocultures, genetic breeding, 

intensive crop manipulation, and the use of fertilizers and pesticides” (Kuuluvainen 

and Grenfell 2012, p. 1186; also see Puettmann et al. 2009). Over the last 30 years, 

significant advances have been made in terms of reducing the negative impacts of 

timber production activities on site productivity, nutrient availability and cycling, 

and other ecosystem goods and services. 

Major forest nutrients include nitrogen, potassium, phosphorus, sulfur, calcium, 

and boron. Many forest sites are nitrogen deficient (Mandzak and Moore 1994). For 

Blue Mountain forests, sulfur is often limiting too – adding nitrogen without ad-

dressing a sulfur deficiency will commonly result in little or no growth response and 
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may actually end up killing some trees. Boron can become deficient on sites exposed 

to intense mechanical site preparation treatments, particularly regarding how the 

treatment affects residual foliage (leaf-on slash) because foliage is high in boron. 

Foliage and branches have a small proportion of a tree’s biomass (app. 15%), but 

they contain the highest concentration of nutrients. Stemwood has a high amount of 

a tree’s biomass (app. 60%), but relatively little of its nutrients. Woody roots provide 

a tree’s anchorage, but have low nutrient concentrations. The non-woody portion of a 

root system has high nutrient levels. Roots, in total, have about 25% of a tree’s bio-

mass. Table 22 shows that timber harvest leaves at least 77 percent of the total ni-

trogen on site, and usually much more depending on how well the forest floor is con-

served. Does this mean we don’t have to worry about the possible effects of mecha-

nized harvest or site preparation treatments on site nutrients? Not really, because 

only a portion of a site’s soil-pool nutrients are available at any particular time. 

Table 22: Nutrient concentrations, by component, for true fir and pine stands. 

 MOIST FIR STAND DRY PINE STAND 

Component Nitrogen Phosphorus Nitrogen Phosphorus 

Trees: Aboveground  3%  1%  8%  1% 

Trees: Roots  < 1%  < 1%  1%  < 1% 

Understory  < 1%  < 1%  < 1%  < 1% 

Forest Floor  13%  3%  14%  2% 

Soil to 1-meter depth  83%  96%  77%  96% 

Source: Powers (1989, page 9). 

Nutrients that are unavailable for tree growth obviously count toward the total 

nutrient capital of a site, but they are basically unaffected by management practices 

(unless something happens to cause serious erosion and off-site soil loss). A signifi-

cant portion of the nutrients found in soil to a 1-meter depth is unavailable for tree 

growth in the short term. In the long term, weathering (decomposition) processes 

will eventually make these nutrients available for plant growth. 

When conifer foliage and small branches are shed, they fall to the forest floor and 

accumulate with other organic material (detritus). This material has been classified 

into an O1 layer (litter) where the original plant or animal structures are still recog-

nizable to the human eye, and a deeper O2 layer in which the organic material has 

been reduced to an amorphous form (duff). Invertebrates, small mammals, and other 

organisms help speed the decomposition process by converting detritus into smaller 

pieces, which increases its surface area. Nitrogen and other nutrients are released in 

small amounts by leaching processes during this phase of decomposition. After 

reaching the lower O2 and humus layers, organic material is worked by springtails, 

arthropods, and a wide variety of soil organisms. Nitrogen suitable for plant uptake 
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is released in various forms after being turned over multiple times by decomposers 

functioning in an intricate detrital food web (Perry et al. 2008). 

Fire Effects On Soil  Nutrients  

Fire-based slash disposal and site preparation activities can have important in-

fluences on these forest-floor nutrient cycling processes. Severe or extreme burns 

have been shown to cause nitrogen losses of 92 percent or more; light burns have 

shown no effect or slight increases in available (mineralizable) nitrogen, ranging up 

to an increase of 28% (Harvey et al. 1989). Sulfur is another important nutrient af-

fected by prescribed fire and wildfire – it is highly vulnerable to volatilization losses 

when exposed to combustion temperatures of 375-575 °C for a period of only five 

minutes (Tiedemann and Anderson 1980) (according to Busse et al. (2005), maxi-

mum surface temperatures commonly reach 600 °C for dry soils affected by late-

summer wildfire or autumn prescribed fire). 

Potential long-term effects of fire on nutrients depend on volatilization of certain 

elements (nitrogen, potassium, sulfur, phosphorus), and on off-site movement of fine 

particulate ash by wind and water. The amounts of nutrient loss depend on: (1) tem-

perature of the fire; (2) type of fire; (3) tree species on the site (see fig. 69); (4) com-

position of the undergrowth flora; and (5) climatic conditions following the fire (Pres-

cott et al. 2000b). 

High-intensity prescribed fire, particularly if used when soils are moist, could al-

so be expected to cause detrimental impacts on soil fauna. The density of soil fauna 

in an undisturbed forest soil is usually quite large – in a study involving the organic 

and upper soil layers under a ponderosa pine forest near Grass Valley, California, it 

was found there was a population density of about 200,000 arthropods per square 

meter of forest floor volume. About 150 species were represented, dominated by 

mites and springtails (Mitchell and Martin 1980). Post-fire changes in pH seem to 

have an important influence on the abundance and vigor of microbial communities 

(Reaves et al. 1984, 1990; Switzer et al. 2012). Neary et al. (1999) provide a useful 

synthesis of fire effects on below-ground sustainability, including fire’s influence on 

a soil’s physical, chemical, and biological functions and processes. 

Species Composition Effects On Soil  Nutrients  

Characteristics of forest floor organic material and nutrient storage vary with 

overstory and understory species composition (Harvey et al. 1999, Miesel et al. 2008) 

(fig. 69), along with temperature and moisture conditions contributing to forest floor 

decomposition rates. The extent to which the tree overstory acts as a nutrient sink 

depends on stand conditions and how they evolve during forest succession (species 

composition, structural stage, stand density, etc.). One example is nutrient decom-

position rates associated with the quaking aspen seral-stage when compared with 

lodgepole pine and other conifers: aspen litter decayed significantly faster than coni-

fer litter, at least partly in response to a much higher diversity and biomass of 

earthworms for the aspen-dominated areas (fig. 70) (González et al. 2003). 
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Figure 69 – Nitrogen distribution in mineral soil versus organic matter lay-

ers (the O horizon) of ponderosa pine, Douglas-fir, and cedar-hemlock forests 

in Montana (data derived from Jurgensen et al. 1997, p. 237). Note that the 

cedar/hemlock forest type is equivalent ecologically to moist grand fir forest 

in the northern Blue Mountains. The organic matter component consists of 

two stocks: woody residue greater than 3 inches in diameter, and the forest 

floor (litter and duff). Mineral soil analyses included nitrogen content to a 

depth of 1 foot. This chart shows a progressive change in nitrogen storage as 

forest type changes – there is a gradual shift in the location of nitrogen re-

serves from primarily deep in the mineral soil for ponderosa pine, to much 

greater amounts in the surface organic horizons for Douglas-fir and cedar/ 

hemlock forests. The nutrient progression shown here demonstrates that dry 

pine forests tend to have critical nutrients like nitrogen better protected from 

fire and other surface disturbance processes than is true for the Douglas-fir 

or cedar/hemlock forest types (Harvey et al. 1999). 

Early-successional or shade-intolerant species have a significantly greater pro-

portion of roots occurring deep when compared with late-successional or shade-

tolerant species. Differences in vertical root distribution are presumed to be related 

to inherent genetic variation, and how it affects the capability of species to exploit 

nutrients and water following disturbance. Early-successional species adapt better 

to sites with limited water and nutrients because of their ability to exploit larger 

volumes of soil. Late- successional or shallow-rooted species are better adapted to 

sites where resources are concentrated near the soil surface (Gale and Grigal 1987). 
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Figure 70 – Earthworms are an important component of the soil fauna, be-

ing especially influential on soil structure and organic matter decomposition 

(Paul 2007). Among other ecosystem services provided by earthworms, they 

function as an important decomposer organism (along with a tremendous va-

riety of soil-based micro- and macro-arthropods). In a subalpine forest study 

in Colorado, for example, a much higher density and biomass of earthworms 

was associated with decomposing aspen litter than with decomposing lodge-

pole pine litter, and the amount of litter remaining at the end of the study, 

regardless of tree species, was related significantly to earthworm biomass 

(González et al. 2003). 

Silvicultural treatments, wildfire, and other disturbance processes affecting spe-

cies composition indirectly influence the nutrient status of moist forests (fig. 69), as 
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do any of the active management practices designed to direct forest growth and de-

velopment (thinning and harvest, slash disposal, prescribed fire, forest fertilization, 

etc.). Some of these nutrient influences involve the potential effects of disturbance 

processes, primarily wild and prescribed fire, on charcoal production. 

The porous nature of charcoal provides physical benefits to the soil (e.g., improv-

ed water-holding capacity and reduced soil bulk density), while also serving as a 

substrate for microbial and mycorrhizal activity (DeLuca and Aplet 2008, Kolb et al. 

2009). After being produced, most charcoal remains at shallow depths in the soil 

(70% or more remains at a depth of 4 inches or less; DeLuca and Aplet 2008). 

Although the mean residence time for soil-based charcoal can exceed 8,000 years 

(DeLuca and Aplet 2008), proferring potential carbon sequestration advantages, re-

search in boreal forests suggests it is possible for charcoal to become deactivated 

with time and no longer support large amounts of microbial biomass, influencing nu-

trient cycling and energy flows. Also, reduced microbial activity can allow phenolic 

compounds to accumulate because they are immobilized or degraded by microbial 

processes, and high levels of phenolics have been shown to suppress tree regenera-

tion and seedling growth by being phytotoxic substances (Zackrisson et al. 1996). 

Note, however, that these microbial relationships are complex – results similar 

to those of Zackrisson et al. (1996) for boreal ecosystems with high levels of erica-

ceous shrubs were not observed for temperate forest ecosystems (Kolb et al. 2009), 

although the temperate-forest study examined short-term effects of charcoal addi-

tions rather than examining a long-term successional sequence as was done for the 

boreal-forest study. 

Soil  Compaction Considerations  

Soil compaction has been associated with timber harvest, but it can also occur in 

conjunction with mechanical site preparation treatments. Machine piling, which was 

historically used with moist-forest sites (see fig. 61), is one management activity 

with high potential for compaction. Compaction affects the aeration and infiltration 

capacity of a soil, which in turn affects ectomycorrhizal abundance and activity 

(Amaranthus and Perry 1994; Harvey et al. 1981, 1986, 1987). (Ectomycorrhizae are 

fungi establishing on a tree’s root system and facilitating its uptake of both water 

and nutrients, and the root system supplies carbohydrates to the fungi.) Without ec-

tomycorrhizae, tree growth usually suffers (Harvey et al. 1986). 

Since compaction can be persistent without some sort of remediation, compaction 

could influence soil productivity for decades (Geist et al. 1989). When compaction 

was examined for a silt loam soil (such as an ash- or loess-dominated soil) and a cut-

to-length harvest operation for the interior Pacific Northwest, it was found that “the 

soil that was driest during machine traffic (low moisture treatment) had the lowest 

penetration resistance. Slash was important for protecting the soil against compac-

tion in the medium and high soil moisture treatments. Penetration resistance did 

not significantly increase after the second pass of a fully-loaded forwarder (31,752 
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kg) at any moisture content or slash level. Managing felling operations to take ad-

vantage of dry soil conditions or using slash when soils are moist may help reduce 

ruts and avoid long-term compaction impacts on this soil type” (Han et al. 2006). 

Note that concerns about soil compaction for fine-textured, loamy soils are par-

ticularly germane to moist mixed-conifer, lodgepole pine, and subalpine fir forests 

because they are strongly associated with ash- or loess-dominated soils in the Blue 

Mountains (table 23), and both of these soil groups feature fine, loamy textures. 

The forest floor’s ecological importance does not mean it cannot be manipulated, 

in a careful and prudent fashion, to achieve resource objectives for natural regenera-

tion (Box 6), insect or disease resistance, and nutrient cycling (Anderson 1988, Bur-

ger 2009). “A major objective of thinnings for host-dominated high-risk stands [for 

western spruce budworm] on cool sites is to increase the temperatures of the forest 

floor and topsoil and thus improve nutrient cycling rates and nutrient availability” 

(Stoszek and Mika 1984, p. 147). 

Nutrient Conservation 

Man—despite his artistic pretensions, his sophistication, and his 

many accomplishments—owes his existence to a six-inch layer of 

topsoil and the fact that it rains (Author unknown) 

As climate warms and dries in the future, and if thinning is used to improve 

crown-fire and drought resistance for moist-forest sites, then the resulting open for-

est structure would be expected to increase microbial decomposition rates (this out-

come would occur until drying reaches a level where soil moisture becomes limiting 

for microbial decomposition). As described above in the quote by Karl Stoszek and 

Peter Mika, higher forest-floor temperatures could be beneficial, up to a point, by 

increasing nutrient cycling and availability, thus improving stand resistance to 

spruce budworm defoliation (Stoszek and Mika 1984). 

Research found that thinning can affect nutrient distribution within a forest eco-

system: essentially, more nutrients are held in the trees, forest floor, and woody de-

bris components of unthinned stands than in the soil pool, whereas the opposite sit-

uation is true for thinned stands – more nutrients are stored in the soil. This means 

that thinning decreases the amount of nitrogen and other nutrients held above-

ground, and it increases nutrient availability belowground (Garrison and Moore 

2002). 

Basically, thinning reallocates a stand’s aboveground biomass to fewer stems 

with less total canopy, which results in slightly less nutrient utilization, but thin-

ning is also used to preferentially modify a stand’s species composition and, as 

shown in figure 69, the tree species comprising an ecosystem have a strong influence 

on the type of litter being produced and how it is processed (cycled and stored). 
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Table 23. Relationship between forest type and soil parent material. 

 TEPHRA (ASH) OR LOESS 

AS A SURFICIAL LAYER 

RESIDUAL PARENT MATERIAL 

(BASALT PRIMARILY) 
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 PONDEROSA PINE 

 DRY MIXED CONIFER 

MOIST MIXED CONIFER  

LODGEPOLE PINE  

SUBALPINE FIR  

Sources/Notes: Derived primarily from Geist and Strickler (1978). This table 

demonstrates that forest types in the Blue Mountains are related strongly to soil 

parent material – ponderosa pine and dry mixed-conifer forest types are most 

commonly associated with residual parent materials typically derived from the 

Columbia River basalt geology group featuring flood-type basalts. The moist 

mixed-conifer, lodgepole pine, and subalpine fir forest types, however, are almost 

always associated with soils containing a relatively deep surficial deposit consist-

ing of volcanic tephra (Mount Mazama or Glacier Peak ash, primarily) or loess 

derived mostly from glacial materials transported initially by glacial-outburst 

(Lake Missoula) floods (Allen et al. 1002) and then subsequently by wind. 

The moist forests forming the basis for this white paper are analogous to the 

moist mixed-conifer type shown in this table, and they almost always occur on 

ash- or loess-cap soils. This species distribution pattern shown above makes 

sense when considering the life-history traits of the trees involved – ash or loess 

surface deposits have high water storage capacity, and they are “capable of yield-

ing comparatively large proportions of this water to plants within low soil mois-

ture stress limits (0.1 to 1.0 bar)” (Geist and Strickler 1978). Grand fir, lodgepole 

pine, Engelmann spruce, and subalpine fir have high soil moisture requirements, 

relatively low drought tolerance, and comparatively high amounts of transpiring 

foliage (either on a per-tree basis (true firs, spruce), or on a stand basis such as 

extremely dense lodgepole pine forest). As described in figure 69, tree species ex-

ert a strong influence on the nutrient status of soils on which they grow, and ash 

or loess caps are no different – “volcanic ash soils supporting a spruce-fir [Engel-

mann spruce-subalpine fir] overstory had higher amounts of organic matter, 

higher total nitrogen, and lower cations than ash soils supporting other species” 

(Geist and Strickler 1978, p. iii). 

And as described throughout this soil quality section, it is important to re-

member that ash- or loess-cap soils can be quite susceptible to soil compaction, 

and that trees have higher susceptibility to Armillaria root disease when growing 

on compacted soils (Curran et al. 2007). 
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Box 6. Organic Matter and Regeneration on Moist-Forest Sites 

Deeply shaded forest floors virtually devoid of plants are common in mesic coniferous 

forests of the Pacific Northwest. Ecologists refer to such sites as depauperate. It is often 

assumed that depauperate undergrowth is the result of excessive shading (e.g., a lack of 

sunlight). A lack of regeneration in many forest stands, particularly by tolerant species 

such as Engelmann spruce and the true firs, might not be related to the effects of shade. 

An interesting study came to this conclusion by examining the lethal and nonlethal ef-

fects of forest soil organic horizons on seed germination for several associated conifer 

species (Daniel and Schmidt 1972). 

In this study, the organic horizon refers to the ‘O horizon’ in soil classification term-

inology, generally viewed as consisting of two parts – an O1 layer in which original ani-

mal or plant parts (leaves, twigs, etc.) are still recognizable, and an O2 layer where or-

ganic litter has been reduced to an amorphous, unrecognizable state (Daniel et al. 1979). 

The investigators found that Engelmann spruce O-horizon (e.g., the O horizon 

formed beneath a pure canopy of Engelmann spruce trees) was not only lethal to Engel-

mann spruce seeds, but also to seeds of subalpine fir, Douglas-fir, and lodgepole pine. 

Subalpine fir O-horizon was lethal to its own seeds, but only marginally harmful to other 

species. Douglas-fir O-horizon had a significant adverse impact on its own seeds, and was 

moderately harmful to seeds of other species. Lodgepole pine O-horizon was basically 

neutral for all seeds (Daniel and Schmidt 1972). 

Which factors contributed to a lack of tree regeneration? The failure of conifer seed to 

germinate was attributed primarily to the action of pathogenic fungi. Non-sterilized O-

horizons supported huge masses of fungal hyphae after 90 days, whereas sterilized O-

horizons had no fungal activity (Daniel and Schmidt 1972). 

Results from this study provide one possible explanation for why a mineral-soil sur-

face commonly has beneficial effects on seed germination and tree regeneration (Feller 

1998, Lowdermilk 1925, Oswald et al. 1999, Zhong and van der Kamp 1999). It also sug-

gests an important reason for why Engelmann spruce and subalpine fir seedlings are 

generally found on decomposing wood, stumps or root wads, and the exposed soil of up-

rooted (windthrown) trees, rather than on the forest floor itself. 

Ted Daniel and Josef Schmidt (1972) describe how organic matter (litter and duff in 

this instance) exerted an inhibitory effect on tree regeneration by serving as habitat for 

pathogenic fungi. If this study is put into a broader ecological context, I wonder if some of 

what has been reported in the ecological literature as allelopathy might actually have in-

volved pathogenic fungi instead? 

Allelopathy refers to a competitive strategy in which certain plant species produce 

chemical compounds interfering with the germination, growth, or development of com-

peting plants (Dunster and Dunster 1996). Fred Hall, a Forest Service ecologist, specu-

lates that a selective inhibitory substance is present in ponderosa pine litter, and that it 

is destroyed by periodic underburning (Hall 1991). Without fire, this substance was able 

to accumulate in the soil (or in the O horizons?) and reduce ponderosa pine establish-

ment and growth. And we already know that leachate from pine litter and pinegrass 

leaves has been shown to retard root growth of germinating ponderosa pine seeds (Eckert 

1975, Jameson 1968, Kelsey and Harrington 1979, McConnell and Smith 1971, Rietveld 

1975), perhaps corroborating Hall’s suspicion. But when considering the Daniel and 

Schmidt (1972) study, I wonder if Fred’s ‘selective inhibitory substance’ might have in-

volved pathogenic fungi, allelopathic phytotoxins, or some combination of both? 
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Why might these species-based nutrient relationships be important for moist for-

ests and their active management? If wildfire is expected to influence moist forests 

more often in the future in response to a warming and drying climate (see fig. 66), 

then nutrients held aboveground are more likely to be volatized and lost from the 

site than nutrients held in the soil. And because nutrient conservation has impor-

tant implications for provision of ecosystem goods and services, thinning and similar 

activities ultimately protecting nutrients could provide climate-change mitigation 

benefits. 

Why are we concerned about conserving nutrients? Well, an important reason is 

that stands growing on sites with good nutrition status contain trees with improved 

physiological vigor, and trees with improved vigor produce more of the resins used to 

repel insect and disease attacks (Langenheim 1990, Kolb et al. 1998, Mitchell et al. 

1983, Nebeker et al. 1995, Phillips and Croteau 1999, Pitman et al. 1982, Safranyik 

et al. 1998). High-vigor trees also tend to have better foliage chemistry, at least in 

the context of insect and disease resistance, improving their resilience to defoliating 

insects because foliage chemistry affects the nutritional quality of foliage as a sub-

strate for insect larval development (Clancy et al. 1993). 

High soil quality is a fundamental prerequisite for creating and maintaining 

healthy forests (Aber et al. 2000, Page-Dumroese et al. 2010, Stoszek 1988a). Forest 

growth and productivity affect soil organic matter (its quantity and quality), which 

in turn affects the physical, chemical, and biological properties of forest soil (includ-

ing soil food webs), and these properties interact to influence forest growth and pro-

ductivity (and the ‘cycle of high soil quality’ is then complete) (Grigal and Vance 

2000). 

Many nutrient management strategies are compatible with a goal of sustaining 

high levels of soil quality and site productivity for moist forests: 

1. Prevention is the best option; leave as many of the rich nutrients on site and un-

disturbed as possible (particularly foliage and the litter/duff layers). 

2. Manage with a light hand (minimize equipment effects on soils, nutrients, and 

the residual tree stand). 

3. Try to keep heavy equipment off the soil (operate heavy equipment on deep slash 

mats if possible). Careful equipment use is particularly important for ash caps 

and other fine-textured soils because they are most likely to experience produc-

tivity declines caused by soil compaction, rutting, or erosion. 

4. Limit scarification treatments to keep nutrients and organic matter on site. 

5. Keep broadcast burns cool (fireline intensity of 200 to 400 °F or less; 2 to 4 foot 

flame lengths) to conserve and sustain nutrients. 

6. Be especially careful to conserve nutrients on harsh sites because nutrient cy-

cling is slow there (this recommendation pertains to hot dry sites where pondero-

sa pine is climax, and to cold dry sites dominated by subalpine fir). 

7. Limb trees where they fall, thereby leaving most of the tops and branches on site 

to replenish the forest floor and encourage nutrient cycling. 



 

 191 

8. Manage forest floor resources (litter and duff) as carefully as possible because 

this is an area of rapid cycling and high nutrient availability. 

9.  When leaving coarse down wood, try to retain ‘brown-rot’ species (pines, Douglas-

fir, and western larch, which support brown-rot fungi during decomposition) 

more often than ‘white-rot’ species (true firs and Engelmann spruce, which gen-

erally support white-rot fungi during decomposition) because brown-rot species 

last up to 450 years, creating what is known as ‘brown cubical crap’ or BCC 

(Jurgensen et al. 1979, 1989; Larsen et al. 1978). BCC provides non-symbiotic ni-

trogen fixation, mycorrhizal habitat, and soil moisture storage (fig. 71). 

10. On sites where nutrients deteriorated following uncharacteristic fires or inap-

propriate management activities, consider nutrient amendments as mitigation. 

Fertilization provides opportunities to modify foliar chemistry and improve re-

sistance to budworm defoliation (Clancy et al. 1993). It may also help reduce 

stem decay for grand firs wounded during timber harvest (Filip et al. 1992). And 

by changing root chemistry, nitrogen and potassium amendments apparently 

have beneficial effects on resistance to Armillaria root disease (Entry et al. 1992). 

11. Consider forest-floor condition when prescribing silvicultural treatments. When 

a forest floor is present, then other management objectives will probably dictate 

the choice of silvicultural cutting methods. But when the forest floor is absent or 

very thin, then an uneven-aged cutting method (e.g., group selection or individu-

al-tree selection) might be appropriate (Prescott et al. 2000b). 

12. The challenge when practicing silviculture is to fine-tune activities so minerali-

zation of the humus layer is promoted when nutrient uptake is important (e.g., 

during the regeneration phase, or when a young forest is growing rapidly), and 

yet discourage nutrient losses. For sites where humus has accumulated at the 

soil surface, silvicultural practices to reduce or activate (but not eliminate) hu-

mus are preferred, including situations where nutrient release from decomposing 

humus could improve budworm resistance for young stands (Stoszek 1988b). 

13. Frost heaving kills or damages freshly planted tree seedlings, especially at high 

elevations or on moist soils just receiving a mechanical site preparation treat-

ment. Site preparation is important when promoting early-seral tree species, but 

removing the organic layer to expose a broad expanse of mineral soil can also 

promote frost heaving. [Removing organic material immediately adjacent to 

planted seedlings, such as hand scalping, seldom contributes to frost heaving.] 

14. Conifer seedling growth is enhanced when roots have established a symbiotic re-

lationship with ectomycorrhizal fungi (Amaranthus and Perry 1994, Amaranthus 

et al. 1996). To enhance ectomycorrhizae and seedling growth, we should: 

(a) harvest in late autumn or winter; 

(b) avoid burning; 

(c) keep harvest units small, relatively circular, and well spaced; and 

(d) replant early in the following spring (Harvey et al. 1980). 

[But, ectomycorrhizal and decomposer fungi are apparently affected more by se-

vere wildfire than by regeneration cutting (Visser and Parkinson 1999).] 
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Figure 71 – Actively decomposing log on a moist-forest site. Brown-rot fungi 

create brown cubical ‘crap’ by decomposing resinous heartwood tissue. When 

‘white-rot’ tree species (true firs, etc.) decompose, their spongy, stringy wood 

is decayed quickly and it tends to be ephemeral in the soil system. When 

‘brown-rot’ species (most pines, larch, Douglas-fir, etc.) decompose, their wood 

is decayed slowly (especially the resinous heartwood), and it tends to remain 

in the soil system for long periods, providing important substrates for mois-

ture and nutrient retention, and for mycorrhizal activity (Harvey et al. 1999). 

6.5 Adopting An Ecological Approach To Active Management 

For every complex problem there is an answer 

that is clear, simple, and wrong. H.L. Mencken 

Management intervention should use an adaptive approach that considers the 

forest as a fully-functioning ecosystem. Ecological principles form the basis of this 

approach, which assumes that if the effects of forest management activities closely 

resemble those of indigenous disturbances, the risk of losing native species and al-

tering ecosystem processes is greatly reduced (Delong and Tanner 1996, Rowe 1992). 

A manager’s first responsibility is to ensure the integrity of the forest ecosystem by 

preventing damage to soil, streams, and other site components (Minckler 1974). 

It is important that management action focuses on the effects of disturbance pro-

cesses and the function of biological legacies, rather than attempting to directly rep-

licate any particular disturbance agent (Carey 2007) (fig. 72). When trying to emu-

late the effects of a mixed-severity fire regime, for example, evidence for some 

amount of low-to-moderate severity fire provides ecological precedent for application 

of silvicultural activities like low thinning, prescribed fire, and prescribed natural 

fire, where appropriate (Amoroso et al. 2011). But as might be expected, some stake-

holders do not agree with the premise that timber harvest can serve as a proxy for 

one or more components of a mixed-severity fire regime (Lindenmayer et al. 2009). 
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Figure 72 – Comparison of idealized development in stands designed for (A) maxi-

mum wood production and (B) both structural diversity and wood production (adapt-

ed from Hansen et al. 1991, and taken from Powell 2000). Traditional management 

practices for maximizing wood production tended to create tree plantations that were 

relatively simple with respect to structure, habitat diversity, and retention of biologi-

cal legacies. Contemporary practices that better mimic natural forest patterns, pro-

cesses, and interactions can maintain biological diversity while simultaneously pro-

viding an opportunity for wood production. In addition to a young (regenerating) tree 

cohort, the contemporary stand (B) features these legacies derived from one or more 

of the previous forest generations: remnant old, live trees; downed dead wood; and 

standing dead wood (snags). Providing legacies recognizes that the effects of stand-

replacing disturbance are heterogeneous, creating a variety of patch sizes, shapes, 

ages, and intra-patch structural elements (shrubs, snags, decaying wood, live conifers 

and broadleaf trees, etc.) (Aplet and Keeton 1999, Rochelle et al. 1999). 
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Over the last 30 years, political and legal pressures related to society’s concerns 

about forest management practices caused a major reassessment of forestry objec-

tives across North America. In large part, I believe this reassessment was designed 

to address short-term concerns like aesthetics (e.g., limit clearcutting because of its 

unattractive appearance) (Bliss 2000), rather than considering the long-term impli-

cations of existing ecological conditions. During this reassessment era, some stake-

holders applied increasing pressure for a ‘no active management’ approach, a deci-

sion that also has enduring ecological consequences (Hansen and Goheen 2000). 

Clearcutting and other even-aged, regeneration cutting methods (shelterwood 

and seed-tree cutting) are widely perceived as being incompatible with ecological in-

tegrity, so recent trends have featured more use of selective harvest and uneven-

aged management (individual-tree and group selection cutting). In dry-forest ecosys-

tems, uneven-aged management is appropriate for many circumstances and, if skill-

fully applied by well-trained and experienced practitioners, it would be expected to 

help restore a more sustainable mix of species composition, forest structure, and 

stand density (Graham and Jain 2005, Graham et al. 2007). But for some portions of 

the dry mixed-conifer zone, uneven-aged management could also promote uncharac-

teristic representation of Douglas-fir, grand fir, and western dwarf mistletoe, which 

are some of the late-seral species on these sites (see Powell 2012 for more details). 

For moist mixed-conifer forest forming the basis of this white paper, individual-

tree selection and similar variants of partial cutting would not be expected to create 

outcomes congruent with natural disturbance processes, particularly if applied 

across large landscapes or as a dominant management practice. For gap-phase pro-

cesses such as pathogenic stem decay or root disease, group selection cutting could 

certainly be used to mimic their fine spatial scale, but this strategy would not neces-

sarily reduce future impact from these agents because the early- or mid-seral species 

(western larch, and western white, lodgepole, and ponderosa pines) that are immune 

or relatively disease-resistant are generally not favored by the small opening sizes 

and high amounts of side shading associated with group-selection cutting. 

Is Timber Harvest Appropriate For Moist Forests?  

Some special-interest groups would like to return forest ecosystems to their pre-

settlement condition, particularly if this result would reduce or eliminate tree har-

vest and other anthropogenic activities. Their agenda is about preservation rather 

than conservation, focusing on naturalism and aesthetics, and promoting little if any 

human interaction with the environment. According to this steady-state perspective, 

if the presettlement condition was one of continuous trees, then little logging or ac-

tive management would be appropriate in the contemporary forest (Botkin 1995, 

Budiansky 1995, Chase 2001, Cronon 1996, Lomborg 2001). 

But what if the presettlement landscape was a mosaic, featuring forests inter-

spersed with meadows and wetlands, and within the forest occurred a patchwork of 

different ages and structural stages? And what if disturbance processes operated 
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freely in these historical landscapes? If these questions could be answered in the af-

firmative, then more opening of the forest would be consistent with presettlement 

conditions, and tree harvest could occur at a higher level (Botkin 1995). And, con-

sistent with the Natural Disturbance Model (Box 3) and the Intermediate Disturb-

ance Hypothesis (fig. 9), the goal of timber harvest is to design harvesting patterns 

that emulate the ecological outcomes of natural disturbance. 

Furthermore, what if Native Americans had a pervasive influence on presettle-

ment conditions? If this is true, and historical evidence indicates it is (Anderson 

2006, Barrett 1980, Boyd 1999, Denevan 1992, Kay 1994, Knudson 1980, Robbins 

1997, Stewart 2009), then we might need to carry out a similar level of human activ-

ity to approximate the presettlement conditions (Botkin 1995). [See “Native Ameri-

cans and Fire” in section 5.11 for more background information about this subject.] 

A broader recognition of Native American influence logically leads to the follow-

ing result: “a holistic landscape approach to conservation, driven by a vision of hu-

mans and other species co-mingling across reserves and developed lands, has gradu-

ally gained prominence over the last 20 years” (Heller and Zavaleta 2009). 

More wood grows per acre per year in the interior Northwest than can be decom-

posed by natural processes in its summer-dry Mediterranean climate (see fig. 7) (Ol-

iver et al. 1994, Olson 1963). “The right combinations of moisture and temperature 

do not exist long enough each year for wood to decompose as fast as it grows. Fires, 

insects, and diseases are the disturbance agents that historically recycled ‘excess’ 

biomass in the interior West” (Ferguson et al. 1998). 

The situation where wildfire, spruce budworm, and other disturbance agents 

function as initiators and catalysts for fine-scale decomposition processes (such as 

fungal decay) also exists for the Umatilla National Forest, where four of the seven 

primary tree species (grand fir, lodgepole pine, subalpine fir, and western larch, spe-

cifically) have average annual mortality rates that currently exceed average annual 

growth6 (Christensen et al. 2007, p. 31). 

Forest managers can emulate some aspects of the decomposition functions of 

natural disturbance processes by how they implement timber harvest, slash treat-

ment, and site preparation activities for moist-forest ecosystems (fig. 73). And, note 

that thinnings such as the one shown in figure 73 may have high value as a future 

climate change mitigation measure: research found that when trees were retained in 

an even distribution (in contrast to a groupy or clumpy pattern), change in soil water 

equivalent, which is related to snow accumulation and soil moisture retention, was 

increased significantly as compared to untreated controls (Woods et al. 2006). 

                                                 
6 During a previous era emphasizing timber production, the Umatilla National Forest’s current situa-

tion, where four of seven primary forest types are dying faster than they are growing (see fig. 31 in 

Christensen et al. 2007), would certainly be viewed as an indicator of poor forest health! 
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Figure 73 – Contemporary timber harvest in moist grand fir forest. This is 

an improvement cutting on the Loon timber sale (unit 17), Walla Walla Ran-

ger District of the Umatilla National Forest. Moist-forest timber sales em-

phasize activities such as creating openings to encourage regeneration, leav-

ing a few high-density areas as elk thermal or hiding cover, and reducing tree 

density to create large structure more quickly (Franklin et al. 2007). Histori-

cally, many of the entries into mature grand fir stands implemented clearcut-

ting or even-aged regeneration cutting methods (figure 14 provides examples 

of regeneration cutting methods; the Young Stand Development narrative 

later in this section provides more background history about the clearcutting 

era in moist forests). 

6.6 Active Management Examples And Recommendations  

Hands off management shows good taste but poor insight. The hope 

of the future lies not in curbing the influence of human occupancy – 

it is already too late for that – but in creating a better understanding 

of the extent of that influence and a new ethic for its governance. 

Aldo Leopold, Game Management (1933) 

Moist forests are extremely resilient. If defoliating insects kill many of the Doug-

las-fir and grand fir trees, then surviving western larches and lodgepole pines en-

sure continuity of the forest. A mixed-severity or stand-replacement fire promotes 

rapid development of postfire lodgepole pine or larch-lodgepole stands. Depending on 

the circumstances, a mountain pine beetle outbreak in lodgepole pine can release 

advance regeneration of grand fir or Engelmann spruce, or result in another genera-

tion of lodgepole pine – but either eventuality provides forest continuity. And when 

wind blows over a tall cohort of Engelmann spruce, advance regeneration of subal-

pine fir or spruce is ready and willing to claim the liberated growing space. 



 

 197 

The high level of moist-forest resilience is anchored in the ecological redundancy 

provided by a diverse tree species composition, but it does not imply that any and all 

changes to moist forest are equally desirable. A wide range of active management 

options are feasible for moist forest, and each of them has varying influences on fu-

ture forest conditions. But regardless of their influence, active management treat-

ments that most closely approximate the natural disturbance regime are most likely 

to be successful over the long term. 

Unlike the dry-forest biophysical environment of the Blue Mountains, where few 

acres remain within their range of variation for composition, structure, or density, 

many areas within the moist-forest zone still exist within their range of variation. 

This major difference between the two environments relates to numerous factors: 

1)  Moist forest has inherently broader ranges of variation than other biophysical 

environments (see the ‘Goldilocks zone’ in figure 9). 

2)  Moist forest has experienced less anthropogenic modification than dry forest 

(from timber harvest, livestock grazing, etc.). 

3)  The longer fire return intervals for moist forest (especially fire regime IIIb and 

IIIc), in contrast to short intervals associated with dry forest (fire regime I; fig. 

44), results in fewer missed fire cycles (for moist forest) during the past century. 

An important caveat: although moist forest may be largely within the range of 

variation at the scale of any individual stand, it is becoming increasingly obvious 

that moist-forest changes have occurred at a landscape scale, and these changes are 

reflected in recent trends for wildfire, defoliating insects, and other disturbance pro-

cesses (see “Effects of Fire Suppression on Mixed-Severity Fire Regimes” in section 

5.11 for an example). Broad-scale assessments disclosed many of these changes. 

One broad-scale assessment found that three watersheds in the northern part of 

the Umatilla National Forest experienced a 90% decline in ponderosa pine cover, 

and corresponding 35% to 230% increases in Douglas-fir and grand fir cover, be-

tween 1938 and 1987. Western larch cover also declined by 80% to 100% in the same 

watersheds (Lehmkuhl et al. 1994). Two of the three watersheds used by Lehmkuhl 

et al. (1994) occur in the Wenaha-Tucannon Wilderness (both are located in the 

Grande Ronde River basin). Even in these relatively ‘undisturbed’ Wilderness water-

sheds, it was found that substantial declines in ponderosa pine, grass-forb, and other 

early-seral patch types had occurred. 

These results (Lehmkuhl et al. 1994) reflect an important impact of long-term 

fire suppression – the landscape has become more homogeneous, with fewer vegeta-

tion types (particularly early-seral stages), larger patches at lower patch densities, 

and less total edge than would have been produced by the historical disturbance re-

gime. These changes make it much more difficult to interpret existing landscape 

conditions as a way to infer historical disturbance regimes because increased homo-

geneity often masks historical spatial patterns. Similar results were obtained from 
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broad-scale landscape assessments completed during the Interior Columbia Basin 

Ecosystem Management Project (as reported in Hessburg et al. 1999a, 2000). 

The All-Important Consideration Of Scale  

The fundamental importance of scale permeates all aspects of active manage-

ment (Cumming et al. 2013) (fig. 74). For example, many recent journal papers in 

the landscape ecology and forest management literature have emphasized the im-

portance of spatial heterogeneity (Hessburg et al. 1999b, 1999c, 2000, 2004, 2007; 

Turner et al. 1989, 1994, 2001; and others in the References section). 

When evaluating spatial heterogeneity for dry forests, it is important to consider 

the sub-stand level because scale is fine-grained and intricate for dry forests – pon-

derosa pine stands historically featured a groupy or clumpy structure at the sub-

stand scale (Harrod et al. 1999; also see Powell 2012). The stand functions as an ‘ag-

gregating’ level because a consistent but repeating pattern of groups or clumps could 

be collected (aggregated) within a common stand boundary. In this context, sub-

stand clumps function as a fine-scale, base-level unit, reflecting ecosystem pattern 

and process, but the stand functions as an aggregating unit (e.g., stands are a mid-

scale unit representing aggregations of fine-scale clumps). 

Note: I define a ‘base-level’ unit as the scale at which ecosystem processes result in 

tree regeneration sufficient to perpetuate the forest type. 

For moist forests, the landscape functions as an aggregating unit – in this eco-

system type, discrete stands (patches) with relatively homogeneous composition or 

structure are created by mid-scale disturbance processes such as mixed-severity fire. 

In contrast to the dry-forest situation, where tree clumps are functionally important, 

stands function as the base-level unit influencing moist-forest regeneration process-

es. So, spatial heterogeneity for moist forests consists of varying compositional or 

structural patches distributed across a landscape, creating a mosaic where stands 

(rather than groups or clumps) function as primary building blocks of inherent pat-

tern. These functional differences, most of which are strongly related to scale, form 

the ecological crux between dry and moist forest. 

Note about clumps: Tree clusters are a common feature of many forest ecosys-

tem types. For dry forests, tree clusters can be created by the disturbance regime 

(i.e., variable thinning provided by surface fire, or pockets of tree mortality caused 

by western pine beetle), in which case clusters function as an effective indicator of 

ecosystem process. But dry-forest clusters are also caused by the seed caching activi-

ty of deer mice, chipmunks, and other small mammals (Keyes et al. 2007). 

In moist or cold forests, tree clusters also occur (Larson and Churchill 2008), but 

in my experience, a groupy or clumpy structure in these ecosystem types may not 

necessarily be produced by the disturbance regime (although windthrow often leads 

to clumps). Moist-forest clumps often reflect the vagaries of seed dispersal, the pat-

tern and juxtaposition of seedling establishment ‘safe sites,’ seed caching patterns by 

birds and small mammals, and other random or stochastic factors. 
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Figure 74 – Generalized representation of a scales hierarchy (based on Ur-

ban et al. 1987). It is now widely recognized that ecosystems occur at a varie-

ty of spatial scales, with smaller systems nested within larger ones in a hier-

archical fashion. This figure depicts a forested landscape as a hierarchy of 

gaps, stands, and watersheds. Trees within a gap interact more among them-

selves than with trees beyond the gap. By extension, a larger forest area can 

be considered as a mosaic of gap-sized patches, with each gap developing 

somewhat independently. Stands are comprised of contiguous gaps having 

similar characteristics. Stands in one drainage share a similar biophysical 

template and interact more with each other than with stands in other water-

sheds. At a higher level, landscapes can be defined as aggregations of similar, 

interacting watersheds (Urban et al. 1987). 

Note that a landscape perspective has been emphasized over the past few 

decades, but a landscape perspective is more than just a geographical concept 

– it involves accounting for long temporal periods; acknowledging a wide di-

versity of issues, concerns, and resources; and incorporating similar broad-

scale considerations. Also, note that ‘landscape analysis,’ as a process, differs 

from using a landscape as an analysis area – landscape analysis involves ex-

plicit characterization of landscape components (e.g., matrix, patches, corri-

dors, and processes; see table 7 for an example), whereas using a landscape 

for broad-scale analysis purposes involves delineating a large geographical 

area for which a planning or assessment process will be conducted. 

The main difference is this: in some circumstances, a clumpy tree structure re-

flects ecosystem function (e.g., pattern follows process, and process influences future 

pattern), whereas in others, it may reflect the inherently random nature of seed dis-

persal and seedling establishment. Why is this distinction important? 

Practitioners must be able to interpret spatial pattern in order to understand if it 

should be emulated by their proposed treatments. Does pattern reflect inherent eco-

Landscape Level

(Physiographic Province)

Stand Level

(Disturbance Patch)

Watershed Level

(Biophysical Template)

Gap Level

(Interacting Trees)



 

 200 

system process, in which case it would be repeatable across a landscape or planning 

area? Or, is it simply a product of random historical circumstances that may not be 

repeated again? The answer to these questions is important because contemporary 

forest science literature emphasizes provision of spatial heterogeneity, but: 

it is most important to ensure heterogeneity for biophysical environments 

where it was produced by the inherent disturbance regime. 

Moist-Forest Scale: Seen Versus The Unseen  

The fundamental importance of scale also provides a useful context for evaluat-

ing existing conditions of species composition, forest structure, and stand density. 

Compositional or structural changes need to be evaluated at the sub-stand scale for 

dry forest (e.g., at the scale of a tree clump) – Is a characteristic clumpy structure 

still evident for a dry forest (such as figs. 44-46 in Powell 2013a)? If so, does the com-

position of any particular dry-forest stand feature a majority of ponderosa pine ra-

ther than late-seral species such as grand fir? 

Dry-forest composition could be evaluated this way: up to 70% of the clumps in a dry-

forest stand should have a majority of ponderosa pine (not necessarily pure pine), 

rather than a majority of Douglas-fir or grand fir. 

Dry-forest conditions have changed remarkably as a result of fire exclusion, live-

stock grazing, and selective timber harvest (Powell 2013a) – and these changes are 

overtly expressed in existing conditions, including at the clump scale, so when enter-

ing most dry-forest stands, it quickly becomes apparent when they are substantially 

departed from reference conditions. 

Contrast a dry-forest evaluation with moist forest, where monitoring of composi-

tion, structure, and density is best accomplished at a landscape scale. Does a moist-

forest landscape, for example, contain the proper proportion of larch-dominated 

patches, and if larch is not the matrix component, then which matrix type does larch 

exist in? 

This moist-forest example demonstrates that most of the moist-forest compo-

nents are not group- or clump-driven but patch-driven – the native (unsuppressed) 

disturbance regime creates patches, and patches exist at the stand scale. Contrast 

this situation with dry forest, where fine-grain or gap-phase processes create clumps 

or groups at a sub-stand scale.7 

And when entering most mid- to late-seral moist-forest patches, it may not seem 

as if they have departed from an expected reference condition – but what can be im-

                                                 
7
 This scale discussion makes a specific distinction between ‘patches,’ and ‘groups’ or ‘clumps.’ As used in 

this section, groups or clumps are considered to be synonymous; they represent the primary organizational 

unit for dry forests, consisting of tree clusters occupying 0.1 to 0.5 acres (Powell 2013a). In a forestry con-

text, groups or clumps are much too small to be managed and monitored as individual stands. Generally, 

some combination of groups or clumps in a repeating pattern is aggregated into a ‘stand’ for management 

purposes. Patches, however, are much larger than groups or clumps. An individual patch will typically fea-

ture a relatively consistent species composition, structural stage, or stand density. Patches are managed as 

individual stands. Moist-forest landscapes are dominated by discrete patches, not by groups or clumps. 



 

 201 

portant when evaluating moist forest is not what is present now (the seen), but what 

might have been present had disturbance processes not been influenced in the past 

(the unseen). Would an existing late-seral patch of grand fir have been an early-seral 

patch of western larch if wildfire, or a fire ignition, had not been suppressed in 1939? 

This difference in perspective occurs because dry-forest conditions (changes in 

species composition, density, multi-layer structure, etc.) tend to be obvious at a fine 

scale (foreground view) for the great majority of dry-forest stands. For moist forest, 

changes are much more subtle – late-seral stand conditions can be entirely appro-

priate if a late-seral patch is what would have been expected. 

But if a moist-forest landscape has a predominance of late-seral patches, then 

the ‘unseen’ is important because we would expect a properly-functioning disturb-

ance regime to create an appropriate representation of early- and mid-seral patches. 

For example, 10-30% of the patches in a moist-forest landscape would be dominated 

by early-seral western larch (table 18) if the disturbance regime is functioning 

properly. 

And at the risk of over-simplifying these relationships, differences between dry 

and moist forest illustrate that ecosystem resilience is best addressed at the stand 

level for dry forest (does any individual stand have proper amounts and distribution 

of clumps with respect to composition, structure, and density?), and at the landscape 

level for moist forest (does any individual landscape have proper amounts and distri-

bution of patches or stands with respect to composition, structure, and density?). 

Disturbance Emulation As A Basis For Moist -Forest Management  

The management strategy most likely to sustain high levels of ecosystem integri-

ty and resilience is emulation of natural disturbance processes (see box 3 and table 

6, and discussion in section 4.5). A disturbance emulation strategy outlines objec-

tives and practices resulting in the least possible difference between active man-

agement practices and natural disturbance. A basic premise of disturbance emula-

tion is that silvicultural practices, including prescribed fire and other management 

activities, should mimic the natural disturbance regime (Cui and Perera 2008; Drev-

er et al. 2006; Perera and Cui 2010; Perera et al. 2004, 2008) – and not just the fire 

characteristics, but all aspects including consideration of wind and other processes. 

A fundamental assumption of the disturbance emulation strategy is that plants 

and animals of a forest are adapted to conditions created by natural disturbance, so 

they should cope most easily with the ecological changes caused by forest manage-

ment if the pattern and structure created by these activities resemble those of natu-

ral disturbance (DeLong 2011). And we should also acknowledge that “no single 

near-to-nature land management or silvicultural system is universally suitable. In-

stead, many methods can be adopted in different combinations and contexts, depend-

ing on forest ecology, local land use history, and the management goal for the land-

scape” (Angelstam 2003, p. 212). 



 

 202 

While a safe presumption is that active management will never function as a 

perfect surrogate for disturbance, presumably because nature has tremendous in-

herent variability and no two successive disturbance events will ever be identical 

anyway, it is also true that silvicultural interventions can effectively mimic certain 

aspects of disturbance processes. Disturbance emulation is similar to the range of 

variation in this respect – disturbance functioned within an envelope of variability 

characteristic to both the process and to site potential, but the effect of repeated 

events fluctuated between the upper and lower limits of a range, corroborating that 

nature did not ‘manage’ with perfect replication from one event to the next. If active 

management can mimic nature well enough to ensure its effects are within the 

range of variation for a process, then it is reasonable to assume that management is 

not causing impact beyond what would have been produced naturally. 

Silvicultural practices can be used to modify species composition and forest 

structure, reduce intertree competition, maintain biological diversity (particularly 

regarding undergrowth plant composition, vigor, and density), address the suscepti-

bility or vulnerability of forest stands to insect and disease attack, and increase a 

forest’s resistance and resilience characteristics by improving tree vigor. One exam-

ple is that small timber-harvest patches (fig. 75) can facilitate development of a di-

verse age-class structure for a landscape that has been intensively managed in the 

past (e.g., landscapes simplified by using timber harvest in homogeneous, even-aged 

patches, and by fire exclusion) (Lyons-Tinsley and Peterson 2012). 

Using silvicultural practices to emulate inherent disturbance regimes (Everett et 

al. 2000) is also congruent with our Forest Service Course to the Future (Thomas 

1995, p. 158): “the following examples illustrate possible management actions to pro-

tect ecosystems: (i) understanding the roles of fire, insects and diseases, and drought 

cycles in shaping ecosystems, and bringing that understanding to bear in manage-

ment; (ii) developing and using measures of sustainability; (iii) establishing and 

managing wetland and riparian conservation areas; (iv) evaluating the effects of 

human use and habitation on the sustainability of ecosystems (in urban, suburban, 

and rural settings) while supporting the quality of life in those ecosystems.” 

Disturbance processes can be categorized as either stand-initiating or stand-

maintaining, and the stand-maintaining category is further subdivided into two 

functional groups: top-down (releasing) and bottom-up (maintenance) (see fig. 13). 

Thinnings mimic the bottom-up effects of insect defoliators (and their feeding-ladder 

effect; fig. 22), dwarf mistletoe parasitism, and density-dependent mortality, where-

as salvage harvest of dead trees, or regeneration cutting in live stands (fig. 75), can 

mimic certain aspects of the windstorm, root disease, bark beetle, and senescence 

processes within the top-down functional group. 
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Figure 75 – Seed-tree seed cut in the Lookout Mountain area of the northern 

Blue Mountains (late 1990s view immediately after implementation, above, 

and summer 2013 view, below). This activity was designed to increase the 

representation of western larch on a moist-forest biophysical environment 

(see fig. 80) by creating post-treatment conditions suitable for regeneration of 

early-seral tree species such as western larch and lodgepole pine. Although 

post-treatment conditions were appropriate in terms of meeting the regenera-

tion ecology requirements of early-seral species, note that a relative paucity 

of dead wood was retained, both in the standing (snags) and down form. Al-

though western larch seed trees were retained exclusively in the foreground 

view (top), much of the established regeneration (bottom) appears to be late-

seral species such as subalpine fir, Engelmann spruce, and grand fir. 
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An ecological forestry approach typically emphasizes increasing stand complexity 

as a way to address biodiversity concerns (Franklin et al. 2007), and a recent study 

suggests that “management prescriptions should foster a well-thinned, yet diverse 

sub-canopy with a canopy of larger than average trees” if an objective is to improve 

bat habitat (Dodd et al. 2012). This bat-habitat study reinforces the concept that an 

important feature of stand complexity is layering, but layers don’t necessarily have 

to be dense to provide valuable ecosystem services such as bat habitat. 

“Maintaining forest biodiversity means that both the range of natural disturb-

ance regimes and the resulting forest and woodland environments to which species 

have adapted (the ecological dimension) must be understood, and that a sufficiently 

wide range of different land management regimes must be applied (the management 

dimension). It also means that the management regime chosen for a given forest en-

vironment must harmonize with its ecological past” (Angelstam 2003, p. 217). 

If society, as reflected in the perspectives of stakeholders, partners, and collabo-

rators concerned about public lands management, is truly concerned about sustain-

ing biodiversity for moist forests of the Blue Mountains, then disturbance emulation 

strategies incorporating certain aspects of both even-aged and uneven-aged silvicul-

tural systems will be developed. And if this eventuality occurs, it should reflect a lo-

cal context by using a collaborative approach involving managers and stakeholders, 

and it should strive to develop a consensus-based framework to create, sustain, and 

monitor a full range of successional (developmental) stages through time and space. 

Historical Context For Moist -Forest Timber Production 

As national forests in the Blue Mountains began to be managed shortly after the 

turn of the 20th century, there quickly arose a concern about how to deal with what 

was termed ‘inferior’ species, e.g., anything that wasn’t western yellow (ponderosa) 

pine. T.J. Starker (1915) described options for dealing with inferior species on the 

Whitman National Forest; they occurred primarily in two ecological settings: as a 

North Slope type comprised mostly of western larch and firs, and in the western yel-

low pine areas where inferior species occurred singly or in scattered groups. On 

north-slope sites, the timber sales of that era resulted in all of the western yellow 

pine being removed, along with most of the Douglas-fir and western larch. This ap-

proach resulted in lodgepole pine and grand fir being retained (and therefore pro-

moted because they functioned as a seed source for future natural regeneration). 

Starker (1915) recounts a site visit from Raphael Zon, an early ecologist sta-

tioned in the Forest Service’s Washington Office. Mr. Zon recommended that the 

Forest not touch the north slopes since they were a losing proposition commercially 

(the loggers claimed they lost $3 to $4 for every thousand board feet of inferior spe-

cies removed), the post-harvest stand had doubtful character and value (silvicultur-

ally), and because north slopes had an important influence on stream flow. 

For areas where inferior species were intermixed with yellow pine, Starker 

(1915) felt they should be cut very heavily. By removing the inferior species, it would 
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be possible for these areas to regenerate to commercially valuable yellow pine. It 

was also felt that larch and fir were ‘out of their place’ on dryer sites supporting a 

high percentage of yellow pine, so their removal was desirable from a silvicultural 

perspective as well. 

It was estimated, as based on empirical information from the W.H. Eccles and 

Baker White Pine Lumber Company timber sale areas, that inferior species com-

prised 15% of the yellow pine areas. Starker felt that no less than one third of the 

inferior species should be removed in a timber sale, not just for the reasons men-

tioned above but because they were more prone to windthrow than yellow pine. 

Starker also recommended that creek bottom sites be deferred from logging until 

the inferior species problem was solved, since they contained a high proportion of 

inferior species. Starker reported on seven Whitman National Forest timber sales 

operating between 1910 and 1913; the volume of inferior species for these sales 

ranged from 11.4% to 31.9%, showing that inferior species were obviously being re-

moved. Starker summarized his thoughts about the ‘inferior species’ issue in this 

quote: “Under the present system of conducting our timber sales we are cutting all 

the yellow pine and most of the Douglas fir and larch on the north slopes. This 

leaves a majority of lodgepole pine and white fir, which soon becomes so dense that 

no other species can get a foothold and the resulting stand will be a very inferior 

jungle” (Starker 1915). 

What Role Might Timber Management Play In The Future?  

Guidelines have been developed to identify and describe site-specific levels of in-

tertree competition (stocking), and to relate them to various categories of insect or 

disease susceptibility (Cochran et al. 1994; Lehmkuhl et al. 1994; Hessburg et al. 

1994, 1999a; Powell 1999b; Schmitt and Powell 2005, 2012). These guidelines are 

commonly used to prepare silvicultural prescriptions for commercial thinnings and 

other density management treatments in moist forests. 

Using timber management practices to maintain stands within their ‘manage-

ment zone’ (fig. 76) could help sustain scenic beauty by minimizing bark-beetle out-

breaks. Research found that “psychological utility or visual preference drops rapidly 

as damage increases to approximately 10 percent of the forest area. Declines in pref-

erence are slight thereafter. It appears that it is more important to prevent new in-

sect outbreaks than it is to prevent additional spread from an esthetic impact stand-

point” (Buhyoff and Leuschner 1978, p. 424). 

Commercial thinnings and other density management treatments are often tar-

geted toward stands with a predominance of early-seral tree species, primarily be-

cause early-seral species have lower resistance to chronic, competition-induced 

stress than late-seral species (fig. 79). Under these circumstances, thinning can re-

lieve density-dependent stress and thereby improve the survivability of early-seral 

species, particularly for mixed stands where early- and late-seral species coexist 

(Powell 1999b). 
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“The human agents of disturbance [Native Americans] are no longer operating, 

so the effects of American Indian burning must be simulated using either prescribed 

fire or mechanical methods. As Dr. Leopold said in his 1983 letter to the U.S. Park 

Service, ‘A chain-saw would do wonders.’ Science-based timber harvesting is the saf-

est and most effective way to mimic Indian and lightning fires within an occupied 

landscape where prescribed fire is too dangerous. It can also be used to meet con-

temporary resource needs while still restoring an approximation of the historical 

forest ecosystem. That is, timber harvesting has the added advantage of creating 

jobs, producing wood, and generating revenue to pay for ecosystem management” 

(Bonnicksen et al. 1999). 

“Even-aged timber harvesting can mimic natural fires by leaving snags and fall-

en logs behind, and by creating openings shaped to look as if they were formed by 

fire. Patch cuts and group selection timber harvesting can mimic surface fires by 

producing small scale mosaics. Single tree selection can mimic single tree falls in 

uneven-aged forests composed of shade-tolerant trees. Snags and fallen logs should 

also be left behind when using these techniques. Thinning and prescribed burning 

also can keep the forest clear of debris and small trees. Low intensity prescribed fire 

may also be required following timber harvesting to more closely approximate the 

ecological effects of natural fires” (Bonnicksen et al. 1999). 

When considering how, and whether, we might choose to mimic natural fires by 

using timber harvest, we should accept that harvest will be perceived as having both 

positive and negative impacts. “If we believe the impacts of harvesting and [wood] 

consumption are primarily positive impacts, we should embrace them locally. If we 

believe the impacts are negative, we should take responsibility for them locally and 

mitigate them. If we believe the impacts are a mix of positive and negative, we 

should welcome the positive aspects and mitigate the negative aspects as we en-

deavor to do a better job of forest ecosystem management” (Shifley 2006). 

Explanatory Notes for Figures 77-78, and Table 24. Figure 78 provides 

stocking-level tools for active management of moist upland forest. Figure 78 has 

three parts – conventional stocking levels expressed by using four stand density 

thresholds (fig. 78a), ‘special-purpose’ stocking levels expressed by using two levels 

of crown-fire susceptibility (fig. 78b), and an example of how the stocking-level 

charts can be used to assess treatment effectiveness (fig. 78c). Notes about the 

threshold levels on the stocking charts (figs. 78a and 78b) are as follows: 

Maximum density: Although rarely observed in nature, maximum density rep-

resents a useful upper limit, so it is often used when establishing stocking levels. 

Maximum density is included in figure 77, and in figures 78a and 78c. 

Full stocking: Full stocking is also referred to as normal density. Full stocking 

pertains to single-cohort (even-aged) stands where intertree competition results in 

development of crown classes (e.g., differentiation) – dominant, codominant, inter-

mediate, and subcanopy trees are present in differentiated stands. As shown in fig-
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ure 77, normal density/full-stocking occurs in the self-thinning zone where stand 

density (and intertree competition) is high enough to cause tree mortality. 

Upper limit of the management zone (Upper Limit in fig. 78a): This stock-

ing level corresponds with the ‘lower limit of the self-thinning zone’ threshold shown 

in figure 77. It is often used whenever land managers wish to avoid density levels 

high enough to cause self-thinning and competition-induced tree mortality. 

Lower limit of the management zone (Lower Limit in fig. 78a): This stock-

ing level corresponds with the ‘lower limit of full site occupancy’ threshold shown in 

figure 77. This threshold functions well as a lower management limit because a site 

is fully occupied at stocking levels above it – growing space is not being ‘wasted’ (un-

der-utilized) at these stocking levels. 

High susceptibility to crown fire (High Susceptibility in fig. 78b): This 

stocking level pertains to stand densities where crown fire is easily sustained – 

namely, canopy bulk density (CBD) values of 0.10 kg/m3 or more (Agee 1996c). 

Low susceptibility to crown fire (Low Susceptibility in fig. 78b): This stock-

ing level pertains to stand densities where crown fire is either impossible or highly 

unlikely – namely, canopy bulk density (CBD) values of 0.05 kg/m3 or less (Alexan-

der 1988, Van Wagner 1977). 

The CBD values (0.10 and 0.05 kg/m3) for crown-fire susceptibility were translat-

ed into their corresponding forestry metrics (Powell 2010a) in order to prepare a 

stocking chart (fig. 78b). 

As shown in the titles for the stocking charts, the stocking threshold information 

(color lines in figures 78a and 78c) pertains to an even-aged stand structure (the 

lines would have the same shape but would be lower for irregular or uneven-aged 

stand structures), and for a mixed species composition. 

The mixed-composition stocking levels represent weighted averages (30% Doug-

las-fir, 20% western larch, 20% lodgepole pine, and 30% grand fir for the Moist Up-

land Forest potential vegetation group) of the stand density index values for pure 

stands of the species, by stocking-level threshold (maximum density, full stocking, 

etc.), for the Moist Upland Forest PVG. 

Here is an example of how weighted averaging was completed for the mixed-com-

position stocking levels: refer to data for the 25% of maximum density stocking level 

(specifically, the first number in the TPA column, in the High Tree Growth section, 

of table 24): 

30% DF + 20% WL + 20% LP + 30% GF = 

(105 × .3) + (116 × .2) + (84 × .2) + (163 × .3) = 120.4 (120 appears in the TPA column 

of table 24 for Mixed Composition at the bottom of the High Tree Growth section). 
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Figure 76 – Hypothetical thinning regime utilizing the upper and lower lim-

its of a management zone as maximum and minimum stocking curves (the 

solid curving lines). This figure shows a stocking-level chart and how it could 

be used to help prepare a thinning regime. In this figure, initial stocking be-

gins in the management zone and stand growth causes the QMD to increase 

toward the upper limit (this is segment A of the dashed line). When the tra-

jectory approaches or reaches the upper limit, a thinning is completed and 

stocking is reduced until it reaches, or is close to, the lower limit (segment B). 

Further growth causes the stand to once again approach the upper limit (seg-

ment C), at which point another thinning is scheduled and stand density is 

reduced toward the lower limit once again (segment D). For this thinning re-

gime, stand density would ostensibly be low enough to stay within the man-

agement zone after completing the second thinning (segment E). 
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Figure 77 – Stand development indexed to maximum density (also see fig. 41). Ini-

tially, trees are too small to use all of a site’s resources, and they experience a period 

of free growth (no intertree competition is occurring). Eventually, roots and crowns 

begin to interact and the ‘onset of intertree competition’ threshold is reached. As the 

stand continues growing through a zone of high individual tree growth, trees capture 

growing space and the ‘lower limit of full site occupancy’ threshold is breached. This 

next zone features high stand growth. As competition intensifies, stands enter a self-

thinning zone by crossing the ‘lower limit of self-thinning zone’ threshold. In the self-

thinning zone (gray area), a tree can only increase in size after neighboring trees re-

linquish their growing space by dying. The pace of tree mortality quickens as the 

stand passes the ‘normal density’ threshold and approaches maximum density. Max-

imum density, shown as a solid line because it is an absolute threshold, is the refer-

ence level (100%) for the stocking system shown here. 
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Figure 78a – Stocking chart for moist forest, expressing four stand-density thresholds (color lines) by using basal area and QMD. 
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Figure 78b – Stocking chart for moist forest, showing two crown-fire susceptibility thresholds (color lines) by basal area and QMD. 
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Figure 78c – Stocking chart showing four stand-density thresholds (color lines), and comparing pre- and post-treatment conditions. 
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Table 24: Recommended stocking levels for moist upland forest, expressed by using the stand development zones depicted in figure 77. 

 CLIMATE CHANGE 
(WARMER, DRYER)  

HIGH TREE 
GROWTH 

HIGH STAND 
GROWTH 

LOW-MODERATE 
MORTALITY 

HIGH 
MORTALITY 

 0-25% OF MAX SDI 25-35% OF MAX SDI 35-60% OF MAX SDI 60-80% OF MAX SDI 80-100% OF MAX SDI 

 TPA BAA TPA BAA TPA BAA TPA BAA TPA BAA 

Ponderosa pine1  0-100 0-54  100-124  54-68  124-186  68-101 186-320  68-175 320-399 175-218 

Douglas-fir  0-105 0-57  105-168  57-92  168-252  92-137 252-336  137-183 336-419 183-229 

Western larch  0-116 0-63  116-185  63-101  185-278  101-152 278-370  152-202 370-462 202-252 

Lodgepole pine1  0-84 0-46  84-114  46-62  114-170  62-93 170-268  93-146 268-335 146-183 

Engelmann spruce  0-125 0-68  125-200  68-109  200-299  109-163 299-398  163-217 398-498 217-272 

Grand fir  0-163 0-89  163-261  89-142  261-392  142-214 392-522  214-285 522-652 285-356 

Subalpine fir  0-106 0-58  106-170  58-93  170-255  93-139 255-340  139-185 340-425 185-232 

Mixed composition1  0-120 0-66  120-189  66-103  189-283  103-154 283-385  154-210 385-481 210-262 

Notes: Stocking levels are means for 19 plant associations assigned to the moist upland forest potential vegetation group (PVG), and for which 

stocking-level information is available (e.g., Cochran et al. 1994, Powell 1999). They are expressed as percentages of maximum stand density 

index (SDI). TPA is trees per acre, and BAA is basal area (square feet) per acre; both metrics pertain to even-aged stands with a 10-inch quad-

ratic mean diameter (QMD). Stocking levels would differ from those shown here when QMD is something other than 10 inches. 

1 For ponderosa and lodgepole pines, upper limits of the ‘high tree growth’ and ‘high stand growth’ zones are calculated by using a process ac-

counting for mountain pine beetle susceptibility (see Cochran et al. 1994), so they are not 35% and 60% of the mean maximum density SDI 

values for ponderosa pine (399) and lodgepole pine (335). For mixed composition, stocking levels represent weighted averages (30% Douglas-fir, 

20% western larch, 20% lodgepole pine, and 30% grand fir). 

Stocking-level categories, as depicted by using differing colors for column headings, have the following interpretations. 

 The ‘climate change’ category is equivalent to ‘free growth’ as depicted in figure 77. Much climate change research suggests the western 

United States will be substantially warmer and dryer in the future as climate changes, so climate-change stocking levels are lower than 

conventional levels shown to the right of them. 

 The ‘high tree growth’ zone spans 25 to 35 percent of maximum density. The 25% value corresponds to the ‘onset of intertree competition’ 

stand development threshold; the 35% value is the ‘lower limit of full site occupancy’ development threshold (fig. 77). For the Blue Moun-

tains, the ‘lower limit of full site occupancy’ threshold is used as the ‘lower limit of a management zone’ stocking level (see fig. 76, and figs. 

78a and 78c) (Cochran et al. 1994, Powell 1999). 
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 The ‘high stand growth’ zone spans 35 to 60 percent of maximum density. The 60% value corresponds to the ‘lower limit of self-thinning 

zone’ stand development threshold (fig. 77). Note that figure 41 in section 5.10 describes the self-thinning zone, and its lower limit, in more 

detail than is provided here, or in the explanatory notes section preceding figure 76. The lower limit of self-thinning zone stand develop-

ment threshold is used as the ‘upper limit of a management zone’ stocking level (see fig. 76, and figs. 78a and 78c) (Cochran et al. 1994, 

Powell 1999). 

 The ‘low-moderate mortality’ zone spans 60 to 80 percent of maximum density. The 80% value corresponds to the ‘normal density’ stand 

development threshold (fig. 77), which is used as the ‘full stocking’ stocking level (figs. 78a and 78c). 

 The ‘high mortality’ zone spans 80 to 100 percent of maximum density. The 100% value corresponds with maximum density (figs. 77, 78a, 

and 78c).
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Figure 79 – Tree resistance to stress varies with shade tolerance (adapted 

from Keane et al. 1996). Tolerance refers to a plant’s ability to withstand the 

effects of one or more limiting factors such as unusually high or low tempera-

tures, a deficit of soil moisture during the growing season, or environments 

with a deficiency of sunlight or nutrients. In forestry, perhaps the tolerance 

that has received the most emphasis is shade tolerance – the capacity of a 

species to survive and grow in the shade of other trees (Harlow et al. 1996). 

Intolerant tree species (lodgepole pine, ponderosa pine, western larch) die 

relatively quickly when exposed to chronic stress associated with overcrowd-

ing (high stand density), drought, root disease, and other factors. Trees with 

intermediate tolerance (Douglas-fir and western white pine) can withstand a 

longer period of stress without dying. Shade-tolerant species (Engelmann 

spruce, grand fir, subalpine fir) can endure relatively long stress periods be-

fore experiencing mortality. These tolerance relationships are often consid-

ered when prescribing thinning treatments – some proportion of the species 

with intermediate and high shade tolerance are targeted for removal in order 

to improve the vigor and resistance of species with low tolerance. 

Active Management For Fire Resil ience  

“Montane forests (see fig. 3, section 2) may also be candidates for active man-

agement to create more fire resilient stands. The current stand condition is primed 

for high severity fire. As with the dry forest, projected climate change will elevate 

the risks of both drought stress and insect attack, which in turn elevate fire risks. 

Fire risks in the montane forest may be even more closely tied to climate change 

than in the dry forest. At montane elevations, snowpack is a critical source of mois-

ture for the growing season. Consequently, expected shifts in the form of winter pre-

cipitation from snow to rain [see fig. 65] may dramatically affect levels of summer 

drought stress and fuel moisture in montane forests. However, the mixed severity 

disturbance regime of these forests, and the lack of clarity as to the main drivers of 

change in species composition, mean that there is still uncertainty as to what man-

agement actions would increase ecosystem resilience” (Haugo et al. 2010). 
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For the dryer end of the mixed-severity fire regime (e.g., fire regime IIIa – see 

fig. 44), which is analogous to the montane forest zone referred to above in the 

Haugo et al. (2010) quote, “prescribed fire is an attractive alternative to large, high-

intensity wildfires, because it is thought to best emulate the natural process that it 

is designed to replace (Schwilk et al. 2009)” (Stephens et al. 2012, p. 549). This ap-

proach also supports resilience to climate change by maintaining natural disturb-

ance regimes and protecting primary forests, especially since research suggests that 

moist-forest vegetation will likely shift and contract in response to warming temper-

atures and increased wildfires, and that current fire suppression policies may be less 

effective in the future at limiting burned-area extent and fire frequency (Boisvenue 

and Running 2010, Dale et al. 2001, Flannigan et al. 2000, Littell et al. 2009, Loeh-

man et al. 2011, McKenzie et al. 2004, Perry et al. 2011, Westerling et al. 2006). 

Current ecological conditions for forests of the interior Pacific Northwest suggest 

that active management may be warranted. This management intervention needs to 

be intensive and to cover wide areas of the landscape, but to be effective it must be 

substantially different in both impact and appearance from what was done histori-

cally (Sampson et al. 1994). Using a variety of cutting patterns is important to avoid 

uniform landscapes; grouping harvest areas reduces the total amount of edge, mini-

mizes fragmentation, and maintains larger patches of older forest. 

The negative policy implications of not being able to complete active manage-

ment across wide areas is increasingly being recognized: “with less than 20% of the 

Sierra Nevada’s forested landscape receiving needed fuels treatments, and the need 

to frequently re-treat many areas, the current pattern and scale of fuels reduction is 

unlikely to ever significantly advance restoration efforts. One means of changing 

current practices is to concentrate large-scale fuels reduction efforts and then move 

treated areas out of fire suppression [and] into fire maintenance. A fundamental 

change in the scale and objectives of fuels treatments is needed to emphasize treat-

ing entire firesheds and restoring ecosystem processes. As fuel loads increase, rural 

home construction expands, and budgets decline, delays in implementation will only 

make it more difficult to expand the use of managed fire. Without proactively ad-

dressing some of these conditions, the status quo will relegate many ecologically im-

portant areas (including sensitive species habitat) to continued degradation from 

either no fire or wildfire burning at high severity” (North et al. 2012, p. 393). 

Concerns about sensitive-species habitat, particularly in the context of whether 

it experiences too much fire or not enough (as mentioned above in the North et al. 

2012 quote), is shared by many other investigators. Wallin et al. (1996), for example, 

suggest that a management system replicating historical fire return intervals and 

spatial fire extent may be best for “producing conditions suitable for most, if not all, 

species…present at the time of European settlement.” 

Effective active management must consider the landscape context in which it oc-

curs – Finney et al. (2007) compared the effectiveness of different rates of fuels 

treatment over several decades in the western U.S., and they found that treatment 
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rates beyond 2% of the landscape per year, based on optimized treatment placement 

(such as strategic placement of landscape area treatments), yielded little additional 

benefit (Stephens et al. 2012). And fuel treatment rates as low as 2% annually are 

unlikely to have undesirable impacts because “most available evidence suggests that 

fuel-reduction objectives are typically accomplished with few unintended conse-

quences, because most ecosystem components (vegetation, soils, wildlife, bark bee-

tles, carbon sequestration) exhibit very subtle effects or no measurable effects at all” 

(Stephens et al. 2012, p. 558). 

The evidence presented in this white paper suggests that although we can’t pre-

dict when wildfire will occur, we can proactively use our tools, experience, and 

knowledge to evaluate how fuels treatment in a forested environment would influ-

ence both fire behavior and fire effects, while also incorporating predictions about 

climate change into simulation modeling scenarios examining future fire risk. 

Active Management For Postfire Recovery  

High fuel loading after a fire, and high potential for a reburn, are characteristic 

features of the disturbance regime for moist-forest sites. A common proposed action 

for postfire timber recovery is salvage harvest, an activity designed to remove some 

of the fire-killed trees, particularly for situations where maintenance of high postfire 

fuel loading may be incompatible with future fire risk and other land management 

objectives (Everett et al. 1996). Removing fire-killed trees from a burn could conceiv-

ably contribute to socioeconomic and other objectives, but recent experience on the 

Umatilla National Forest suggests that salvage harvest after wildfire is most assur-

edly a highly controversial activity. 

A salvage effort following wildfire on moist-forest sites, if considered, should ad-

dress the following vegetation concerns (Schmiegelow et al. 2006): 

1. Emphasize salvage for ecological settings in the moist-forest zone with the short-

est fire-return intervals (these are fire regime IIIa areas; see fig. 44). Sites meet-

ing this criterion would address changes in species composition and stand densi-

ty on warmer, moist-forest environments. In some circumstances, it may also be 

appropriate to consider limited amounts of salvage for riparian zones traversing 

fire regime IIIa sites (Reeves et al. 2006). 

2. Evaluate appropriate amounts of salvage harvest, after providing for proper spa-

tial and temporal distribution of snags and dead-tree habitat across a planning 

area (DeLong and Kessler 2000), for scenarios where timber volume, tree size, 

and species characteristics could generate sufficient revenue to finance tree 

planting and associated restoration activities. This recommendation accounts for 

the following facts and budgetary realities: 

(a) Maintaining forest ecosystems and their valuable ecosystem goods and ser-

vices, as forest, is most important (Breshears et al. 2011, Ciccarese et al. 

2012, Daily et al. 1997, Ford et al. 2011). The National Forest Management 

Act of 1976 (16 U.S.C. 1604) also requires that forest be maintained as forest. 
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(b) Treatments such as tree planting to maintain or reestablish a forest condition 

are expensive. 

(c) The United States Congress, or reforestation partnership groups such as 

American Forests or Arbor Day Foundation, may not be willing to, or capable 

of, financing all of the active restoration activities that may be needed, in 

which case K-V funds could be withheld from the timber sale receipts and 

then used to help pay for the work. 

(d) Salvage harvest can provide socioeconomic benefits by producing wood prod-

ucts and associated employment opportunities. 

3.  Consider salvage for sites where the existing density of dead trees is great 

enough that a future reburn would probably reduce the stocking level of postfire 

tree regeneration below Forest Plan minimum stocking standards. 

[When completing this evaluation, it is important to put the first fire in proper 

context: did it exhibit characteristic spatial extents, fire effects, and fire behav-

ior? If not, then it might be important to identify portions of the original fire that 

would have been expected to experience stand-replacing severity. Although pat-

tern follows process, process also follows pattern (i.e., vegetation conditions cre-

ated by one disturbance event can exert a strong influence on the next disturb-

ance event), so a stand-replacing fire patch is more likely to experience a stand-

replacing reburn than if it had burned originally with non-replacement severity.  

After identifying the portions of a fire where replacement fire severity is charac-

teristic, then it is reasonable to allocate other portions to a planting prescription 

since it is less likely they would be expected to experience a severe reburn.] 

4.  Formulate an appropriate response for the following groups of fire-damaged 

trees, all of which are unlikely to survive more than a few years after fire: 

a. Ponderosa pines and western larches that have less than 20 percent green, 

healthy-appearing crown (by crown volume), regardless of bole scorch, scorch 

height, or duff consumption. 

b. Douglas-firs having less than 40 percent green, healthy-appearing crown (by 

volume) AND scorch height greater than 16 feet AND more than 50% of the 

preburn duff around the base of the tree was consumed by the fire. 

c. Subalpine firs, grand firs, lodgepole pines, and Engelmann spruces with less 

than 60 percent green, healthy-appearing crowns (by volume) AND bole scorch 

on greater than 50% of the tree’s circumference AND scorch height greater 

than 4 feet AND more than 25% of the preburn duff around the base of the 

tree was consumed by the fire. 

Reducing fuels in the high-severity portion of a mixed-severity fire could facili-

tate reforestation success if another wildfire (reburn) occurs during the next 10-30 

years (US Congress 2004). Reforestation involves outplanting trees in areas that 

were previously forested, but on which the trees were killed or removed by disturb-

ance processes such as wildfire and timber harvest. In some situations, salvage har-

vest could be considered where timber volume, tree size, and species characteristics 
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would generate sufficient revenue to finance tree planting and associated restoration 

treatments. 

And, there is nothing inherently ‘wrong’ with harvesting some of the fire-killed 

timber – doing so provides socioeconomic benefits related to wood products utiliza-

tion, while also generating trust funds for post-sale reforestation (trust funds are 

retained from timber sale receipts to finance post-sale work). Trust funds are valua-

ble because Congress may not fund all of the reforestation work on a national forest, 

especially considering recent concerns about federal deficits and the national debt. 

For burned areas where fire-killed trees are not salvaged, the National Forest 

Management Act (16 U.S.C. 1604) does not require that reforestation occur, whether 

within a 5-year timeframe or at all. Even so, the United States Congress and the 

U.S. Forest Service are interested in reforesting many of the burned areas promptly 

(Watrud et al. 2012), particularly when tree planting could attain a Forest Plan de-

sired future condition more quickly than by waiting for natural succession to 

reestablish appropriate forest cover. In some situations, salvage timber harvest 

could be used to increase the survivability of planted seedlings in the eventuality of 

a future fire. 

Tree planting is a powerful tool for influencing the future species composition of 

a forest (fig. 80). In order to address future susceptibility to defoliating insects and 

other forest health considerations, and to select a composition ecologically appropri-

ate for the open environments typically produced by high-severity fire effects, tree 

planting would typically attempt to establish a future composition with at least 60 

percent of the trees being early- or mid-seral species (Carlson and Wulf 1989). 

Establishment of early-seral species is also emphasized in the Umatilla NF For-

est Plan, as demonstrated by item C in the Forest-wide standards and guidelines 

section on page 4-73: “strong consideration should be given to maintenance of stands 

dominated by early successional species” (USDA Forest Service 1990). Tree planting 

recommendations for moist forests are provided in table 25. 

Active Management To Reduce Crown Fire Susceptibil ity  

Following establishment of the National Fire Plan in 2000, there has been in-

creasing emphasis on hazardous fuels reduction treatments. Much of the fuels re-

duction work in forested ecosystems has emphasized addressing crown fire potential. 

“If the negative impacts that result from crown fires were fully reflected in the mar-

ket, there would be high motivation to avoid them, providing necessary incentive to 

remove excessive fuel loads in spite of the cost” (Mason et al. 2006). 

Stands with high levels of canopy fuel loading (also referred to as crown or cano-

py bulk density, or canopy biomass) are most susceptible to sustaining an active (in-

dependent) crown fire. “Crown fire susceptibility refers to the potential for crown fire 

based on inherent stand characteristics such as species composition, forest struc-

ture, and tree density” (Powell 2010). 
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Figure 80 – Active management of a budworm-affected area. These photo-

graphs show Battle Mountain state park, located about 10 miles south of 

Ukiah, Oregon. This area experienced high amounts of tree damage (mortality 

and topkilling) during the 1980-1992 western spruce budworm outbreak. The 

top photograph (acquired June 2005) shows the area soon after the state of 

Oregon salvaged the budworm-killed trees, and then planted ponderosa pine 

seedlings (if you look closely, you can see white vexar tubes installed to protect 

seedlings from ungulate browsing damage). The bottom picture (acquired Oc-

tober 2012) shows the area after regeneration has had time to develop. Tree 

planting is a powerful tool for directing future development of a forest ecosys-

tem, and it often deserves more consideration than it is often afforded. 
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Table 25: Planting recommendations for the moist upland forest potential vegeta-

tion group. 

Plant Association Group1 

Seedling Density2 Species Composition of Planting Mix (Percent)3 

TPA Spacing PP WL LP DF WP GF ES SF 

Cool moist upland forest 222 14 feet 25% 40% NR 20% 10% NR 5% NR 

Cool very moist upland forest 222 14 feet  20% NR 30% 10% NR 40%  

Cool wet upland forest 222 14 feet NR 20%  30% 10% NR 40%  

Warm moist upland forest 194 15 feet 60% NR  40%     

Warm very moist upland forest 194 15 feet 20% 30%  40% 10% NR NR  

1  The moist upland forest potential vegetation group includes five plant association groups 

(PAGs), as shown here. When considering the number of potential vegetation types (PVTs) 

assigned to each PAG, cool moist upland forest is by far the largest and most common of the 

moist-forest PAGs. Powell et al. (2007) provides information about the PVT composition as-

sociated with each of the PAGs. 
2  Seedling density recommendations are expressed as both a trees per acre (TPA) figure and 

its corresponding square-spacing value, in feet. They are based on the authors’ judgment, 

and on minimum seedling stocking standards from the Umatilla NF Forest Plan. Seedling 

density values also account for the fact that monitoring results show natural regeneration to 

be both copious and diverse for moist forests (see appendix 2 of this white paper). 
3  Species composition of planting mix recommendations are based on Cole (1993), Powell 

(1997), tables 10, 13, and 18 in this white paper, and professional judgment. Column heading 

codes are: PP: ponderosa pine; WL: western larch; LP: lodgepole pine; DF: Douglas-fir; WP: 

western white pine; GF: grand fir; ES: Engelmann spruce; SF: subalpine fir. NR = Natural 

Regeneration, showing tree species expected to establish without planting; these species 

were not included in the planting mix, but they could be used if seed sources for recommend-

ed species are in short supply. The potential vegetation type composition for each plant asso-

ciation group is provided in appendix 1. 

Research following large wildfires in the interior Pacific Northwest shows that 

stands where canopy fuel loading has been reduced below 0.10 kg/m3 are unlikely to 

sustain active crown fire; stands where canopy fuel loading has been reduced to 0.05 

kg/m3 or less are basically immune to crown fire, even under high wind conditions 

(Agee 1996c, Keyes and O’Hara 2002). 

Since canopy fuel loading is virtually impossible to measure directly, because 

this would involve physically measuring all of the foliage and small twigs or branch-

es in a tree crown, and then summing results for all of the individual trees to obtain 

a stand loading, a process was developed to relate canopy fuel loading (as kg of plant 

material per m3 of canopy volume) to conventional stand density metrics such as 

stand density index, trees per acre, basal area per acre, equilateral tree spacing, and 

canopy cover (crown closure). These stand density measures were calculated for 

three levels of crown fire susceptibility – high, moderate, and low, as defined using 

three ranges of canopy fuel loading in kg/m3 (Powell 2010). 

But we would not expect all wildlands to have low canopy fuel loading all of the 

time, so range of variation information was developed to characterize how much 

canopy fuel loading existed historically by fire regime (table 26). Although the rang-

es are somewhat wide, table 26 suggests that no more than 50% of a moist-forest 

landscape had high canopy fuel loading at any given time. 
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Table 26: Range of variation information for canopy fuel loading classes (kg/m3), 

expressed as percentages. 

Potential  

Vegetation 

Group 

Fire 

Regime2 

CANOPY FUEL LOADING CLASS1  

Low 

(≤.05 kg/m3 CBD) 

Moderate 

(.06-.09 kg/m3 CBD) 

High 

(≥.10 kg/m3 CBD) 

  Range of  Variation (Percentage)  

Dry Upland Forest I 60-90 20-60 10-20 

Moist Upland Forest III 20-50 50-70 20-50 

Cold Upland Forest IV 10-20 20-60 60-90 

Source/Notes: Based on Agee (1998). Potential vegetation group is described in Powell et al. (2007). 

1  Canopy fuel loading class is a derived data element; it can be calculated using queries contained in 

Powell (2010). CBD is crown bulk density, expressed as kilograms per cubic meter of crown volume. 

Class breakpoints are as follows: .05 kg/m3 = CBD threshold below which crown fire is unlikely; .10 

kg/m3 = CBD threshold above which crown fire is easily sustained (Powell 2010). 

2  Fire regime describes the fire environment by characterizing fire frequency, fire intensity, fire severi-

ty, fire extent, fire timing, and historical burned area (Schmidt et al. 2002). For forest environments 

in the Blue Mountains, three fire regimes are most important: Fire regime I: surface; Fire regime III: 

mixed; Fire regime IV: replacement. 

Landscape Wildfire Strategy  

For some parts of the landscape, including wilderness and roadless areas, cur-

rent policy does not allow fire risk to be addressed by implementing mechanical 

treatments (see fig. 88 later in this white paper). For these situations, it may be ap-

propriate to formulate a landscape wildfire strategy that would: 

1. Identify managed or developed portions of the landscape that need to be ‘protect-

ed’ from high-intensity fire moving into them from adjacent areas. 

2. Identify roadless or wilderness portions of the landscape that need to be ‘protect-

ed’ from management-ignited prescribed fire moving into them (but these areas 

might still be allowed to experience wildfire originating from natural ignitions). 

For either of the situations described above, a shaded fuelbreak approach (Agee 

et al. 2000) might be appropriate for setting up a landscape to foster differing levels 

of fire response and containment. But what size of a fuelbreak might be most effec-

tive or appropriate? “Considering fire spread rates under extreme conditions (up to 3 

km/h; app. 1.9 mi/h), fire fighter response times (>10 min, even in urban forests), 

and other complicating factors, 400-500 m (app. ¼ mile) is probably a justifiable 

minimum width for fuel treatments expected to significantly slow or stop wildfire. Of 

course, this calculation ignores ember production” (Safford et al. 2012, p. 27). 

Note that fuelbreaks have traditionally been deployed in support of fire suppres-

sion objectives (Omi 1996). But in a contemporary context, fuelbreaks can contribute 

to many of our landscape wildfire objectives (Ingalsbee 2005) by supporting a ‘con-

tainerized’ approach for managed wildfire (Ager et al. 2012). In this current and ex-

panding era of ‘mega-fires’ (and fig. 66 suggests mega-fires will become more com-

mon in the future), we eventually must acknowledge that many conventional wild-

fire suppression strategies are running out of road and will not be sustainable from 

either an ecological or financial perspective (Donovan and Brown 2005, 2008). This 
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eventuality suggests that a managed wildfire paradigm will get established, and 

that we need to incorporate the reality of mega-fires into land management, policy, 

and planning frameworks (North et al. 2012, Stephens et al. 2014, Williams 2013). 

One of the keys to successful stewardship of moist forest ecosystems is to apply 

site-specific management. Site-specific management requires detailed knowledge of 

soils, potential natural vegetation, and other biophysical components, along with an 

understanding of how physical, chemical, and biological characteristics affect sus-

tainability of the ecological settings in which moist forests occur. Inherent in the 

concept of site-specific management is recognition that a similar or ‘standard’ level 

of management intensity is not appropriate for all areas or situations (Fox 2000). 

Effective restoration and mitigation tactics need to be site-specific because a sin-

gle prescription for moist forests, and their complex mixed-severity disturbance re-

gimes and mixed-species compositions, would not be appropriate (Hessburg et al. 

2007, Schoennagel et al. 2004). And any effective moist-forest management strategy 

should adopt an ecological perspective viewing humans as nested within larger cul-

tural and ecological systems, and who through their collective actions have the po-

tential to help restore processes integral to proper ecosystem function. 

Site-specific management of moist forest can be greatly assisted by treatment 

prioritization. Although many different prioritization strategies have merit, one 

worth considering is a three-zone approach, as described by Aplet and Wilmer (2010) 

and directed toward human values at risk. Their approach identifies three levels of 

decreasing risk to human life and property: 

1. The first treatment priority would be areas where fire and other disturbance pro-

cesses have the potential to cause great damage to people and their associated 

infrastructure (homes, outbuildings, electrical transmission facilities, etc.) 

(North et al. 2012). This category is similar to what is referred to as Wildland-

Urban Interface (WUI), a mixture of homes and undeveloped wildlands. 

2. The second priority includes areas in relatively close proximity to human devel-

opments, but they are far enough removed from infrastructure to allow some 

flexibility for fire and other processes to play a more natural role, at least under 

certain (prescribed) conditions. 

3. The third and final zone contains wildlands distant enough from communities 

and infrastructure to allow wildfire and other processes to play a natural role 

under a relatively wide range of circumstances; direct suppression of fire or defo-

liator outbreaks, for example, would occur infrequently in this zone. In this zone 

outside of the WUI, fuel treatments “should focus on creating conditions in which 

fire can occur without devastating consequences” (Reinhardt et al. 2008, p. 1998). 

This three-pronged or triad approach recognizes that fire suppression will con-

tinue as a strategy for protecting the urban interface, air quality, certain types of 

wildlife habitat, and other values at risk, but continued suppression will certainly 

not prevent increases in the area burned because it is the few large fires (the ones 

escaping suppression) that actually affect the most acreage (Strauss et al. 1989). 
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The triad approach explicitly acknowledges that fire suppression occurs along a 

continuum – full suppression action will be initiated immediately when fire threat-

ens homes or other values-at-risk, whereas remote fires may receive no management 

intervention beyond frequent monitoring. But the middle of the continuum is partic-

ularly interesting – a fire in this zone would be managed by using predetermined 

boundaries (both geographic and weather-related), with suppression occurring as 

fire approaches a boundary, but a fire would not be attacked aggressively when 

burning well away from them. And with this approach, a single large fire may be 

managed adaptively, with active suppression occurring on one flank while another 

portion is allowed to burn freely for resource benefit (Dale 2006). 

“Fire suppression can be relaxed in remote areas, letting unplanned ignitions 

burn under the observation of fire crews, even for weeks or months in summer, so 

that alternating smolder-and-run fire behavior develops in phase with a broad range 

of weather conditions, promoting heterogeneous burn severities over the landscape 

as reported in numerous pre-suppression accounts” (Goforth and Minnich 2008). 

Letting fires burn, a central component of the managed wildfire paradigm, intro-

duces many complexities and concerns, particularly for national forests in the Blue 

Mountains. Letting fires roam through large Wilderness areas in remote portions of 

the United States is an obvious and attractive alternative. But managed wildfire for 

areas like the Blue Mountains, where Wilderness and Roadless areas are relatively 

small and often adjacent to human developments, is more problematic. 

The dominant wildfire policy for more than 100 years can be summarized by us-

ing one word – suppression (Pyne 1997). But in a contemporary context, “the tradi-

tional suppression focus is seen as more likely to put firefighters at risk and misuse 

resources while losing opportunities to reintroduce fire. The use of a wider range of 

strategies beyond full suppression is seen as leading to more cost-effective fire man-

agement over time and longer-term land-management benefits” (Steelman and Mc-

Caffrey 2011). “Although we understand that the issue is not a simple dichotomy be-

tween fire suppression and treatment, we argue that waiting for a complete under-

standing of the social and ecological complexities before taking action is folly” (Snid-

er et al. 2006). 

And with climate change, the acreage burned by wildfire in the Pacific North-

west is expected to double or triple (or even more when compared with a 1950-2003 

baseline) by the 2080s (Littell et al. 2010, and see fig. 66) – this projected increase in 

acreage burned leads to even more uncertainty about the wisdom of a ‘continued fire 

suppression’ strategy for western wildlands (except, as described above, for specific 

values-at-risk, which will continue to merit a suppression response). 

But, the flip side of this coin is that some managers or policy makers could view 

fuels treatment as even more important in the future (rather than pointless in an 

environment where fires are two, three, or even six times more common than now) 

because it is then more likely that fires will actually encounter a treated area, and 
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“there is a strong positive relationship between the extent of fire in the landscape 

and the effectiveness of treatment” (Price 2012). 

Young Stand Development  

From the 1960s to the late 1980s, much regeneration cutting occurred by imple-

menting the clearcutting, seed-tree, or shelterwood methods on moist upland forest 

sites (see section 5.13 and fig. 14). Prompt and generally effective reforestation 

treatments (appendix 2) contributed to establishment of dense, mixed-conifer forest 

on many of the harvested areas (Rollins 1982) (fig. 81). 

But not all of the reforestation treatments were successful, however, and some of 

the moist-forest cuttings between Jubilee Lake and Lookout Mountain (such as the 

Little Big Hole timber sale area on Walla Walla Ranger District) transitioned to a 

post-harvest plant community dominated by bracken fern or western coneflower in-

stead of conifers (Box 7, fig. 82, Ferguson et al. 2005). 

Many of the resulting plantations were established with a high proportion of 

what is termed ‘off-site’ planting stock (Dahl and Nicholson 1970):  

1. Ecologically off-site species: this category refers to a situation where an ear-

ly-seral species best adapted to dry sites (such as ponderosa pine) is planted on 

moist sites. Even if ponderosa pine seedlings were produced from local seed 

sources, they were planted on sites with biophysical conditions beyond the eco-

logical amplitude for this species (such as subalpine fir plant associations), or 

they were established at a much higher density than is ecologically appropriate 

for the plant association (such as out-planting 600 ponderosa pine seedlings per 

acre on a moist grand fir/queencup beadlily plant association). 

[This example is counter-intuitive to readers who expect that a dry-site species 

would grow even better on moist sites, but many studies have shown that dry-

site species do not perform well when planted on moist or cold sites – an example 

is Daubenmire’s (1950) study about the geographic races of ponderosa pine.] 

2. Genetically off-site sources: this category refers to a situation where seed 

used to produce tree seedlings is derived from non-local sources. According to 

Gary Rollins (Rollins 1982), many of the ponderosa pine seedlings planted in 

moist-forest clearcuts on the Umatilla National Forest were derived from non-

local sources (primarily from Malheur and Wallowa-Whitman national forest 

sources). 

As a consequence of the off-site plantings, many of the moist-forest plantations 

have not developed as would be expected if they supported an ecologically appropri-

ate species composition derived from local seed sources. Tree-level indicators of im-

paired development include: stem deformities (sweep, crook, fork); high levels of 

snow breakage; increased frost damage; increased infestation by insects or diseases, 

particularly by unusual or atypical agents; slow growth when compared with native 

sources on the same site; dead terminal leaders; ‘cropped’ or stunted or off-color foli-

age appearance; and abnormal or ‘stress’ cone crops. 
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Figure 81 – Moist-forest plantations established between the 1950s and 2010 in the north-

ern portion of the Umatilla National Forest (Pomeroy and Walla Walla Ranger Districts). 

This map shows that more than 96,000 acres of young stands were created on the northern 

half of the Umatilla NF since the 1950s. Many of these stands now need to be thinned, or 

modified in other ways, to ensure they continue to develop normally and provide the socio-

economic goods and services desired by human society. 
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Box 7. The Grand Fir Mosaic Ecosystem 

Imagine a moist environment in the northern Blue Mountains where supposedly ear-

ly-seral plant communities dominated by bracken fern (Pteridium aquilinum) and west-

ern coneflower (Rudbeckia occidentalis) are really climax plant communities persisting 

in a matrix of overmature grand fir forests. There are few wildfires here, so natural suc-

cession has reduced the occurrence of early- and mid-seral conifers such as lodgepole 

pine, Douglas-fir, western white pine, and western larch. Late-seral, shade-tolerant spe-

cies like grand fir, Pacific yew, and occasionally subalpine fir, are common, along with 

mid-seral Engelmann spruce. Regeneration of conifers in forest canopy openings is a slow 

and unreliable process in these low pH, volcanic ash-cap soils with abundant populations 

of pocket gophers (Thomomys talpoides) (Ferguson et al. 2005). Disjunct and rare plant 

species often occur in and near these forests. These moist forests, collectively called the 

Grand Fir Mosaic (GFM) ecosystem, are typically associated with grand fir/ginger plant 

associations (Green and Jensen 1991). 

GFM forests occur on productive volcanic ash-cap soils in and near the Clearwater, 

Nez Perce, and southern St. Joe National Forests in northern Idaho, and the Umatilla 

National Forest in northeastern Oregon (GFM research plots were installed in the Little 

Big Hole timber sale area on the Walla Walla RD). The GFM name commemorates the 

dominant conifer (grand fir), and the variety of sizes and shapes of natural openings in 

the forest canopy. The GFM encompasses approximately 500,000 acres at elevations pri-

marily between 4,500 and 5,500 feet, but it is found as low as 4,200 feet and as high as 

6,000 feet (Ferguson and Johnson 1996). The most common habitat type is Abies gran-

dis/Asarum caudatum (grand fir/wild ginger), a cool, moist habitat defined in ecological 

classifications (Cooper et al. 1991, Johnson and Clausnitzer 1992). 

Successional plant communities in the GFM are dominated by bracken fern and 

western coneflower (fig. 82). Bracken fern is usually present in low densities under forest 

canopies, but rapidly expands following disturbance, and can reach heights of 6 feet and 

densities of 116,000 fronds per acre (Znerold 1979). Below-ground bracken biomass, pri-

marily rhizomes and fine roots, may reach 27,280 lbs per acre (Jimenez 2005). 

Bracken fern glades, which are plant communities dominated by bracken fern and 

western coneflower, appear to persist for millennia. Charcoal samples found at or near 

the lower boundary of GFM ash-caps were found to be 1,335±75 and 7,755±75 cal. yrs BP 

using radiocarbon dating (Jimenez 2005). These samples suggest that woody vegetation 

has been absent for thousands of years, perhaps since the time of ash deposition during 

the eruption of Mt. Mazama (Crater Lake, OR) ~7,600 yrs BP (Zdanowicz et al. 1999). 

Pocket gophers also alter the course of secondary succession in the GFM, particularly 

for planted conifers. Entire plantations of seedlings can be killed by pocket gophers. 

Small seedlings are usually pulled from below ground into tunnels where the whole tree 

is eaten. Gophers may eat all or most of the root system of larger seedlings and saplings. 

Research investigations involving the GFM were initiated because of difficulty in re-

generating harvested areas. The first task was to define key ecological processes poten-

tially accounting for the lack of tree regeneration, and the absence of other woody spe-

cies. Research was implemented to study competition and allelopathy from bracken fern 

and western coneflower, effects of pocket gophers, environmental characteristics of the 

GFM relative to adjacent forests, and soil development (Ferguson et al. 2005). 

Note: this material was taken almost verbatim from Ferguson et al. (2007). 
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Figure 82 – Two WATCH OUT! 

plants for moist-forest sites. West-

ern coneflower (Rudbeckia occi-

dentalis) (above) and bracken fern 

(Pteridium aquilinum) (below) are 

widespread plants in the moist-

forest zone. Both species are alle-

lopathic, and they have been found 

to suppress conifer regeneration 

when occurring in large numbers 

(see Box 7). In the northern Blue 

Mountains, western coneflower is 

associated with the very moist end 

of the grand fir series, specifically 

the grand fir/oakfern, grand fir/ 

swordfern-ginger, grand fir/false 

bugbane, and grand fir/queencup 

beadlily plant associations (John-

son and Clausnitzer 1992). Al-

though the reasons are not com-

pletely clear (but soil chemical 

changes related to aluminum-

humus interactions are suspected; 

McDaniel and Hipple 2010), forest 

management practices creating 

open conditions on moist-forest 

sites sometimes promote site dom-

ination by coneflower or bracken 

(seldom do both species occur to-

gether), resulting in long-term 

suppression of conifer regenera-

tion; in other instances on these 

sites, conifer regeneration gets 

established promptly, and a mono-

culture of coneflower or bracken 

does not result. 

 

As time passed, young-forest stands differentiated into a multi-layered condition: 

western larch became co-dominant with planted ponderosa pine as an overstory, 

eventually over-topping the pine, while subordinate layers containing Douglas-fir, 

grand fir, Engelmann spruce, and Pacific yew also got established (appendix 2). 

An important management objective for moist forests of the northern Blue 

Mountains is to begin implementing intermediate cutting in these plantations as a 

way to move them back toward an historically appropriate species composition, with 

reduced representation of ponderosa pine and increased representation of western 

larch, western white pine, and Douglas-fir (while maintaining existing successional 

trends for grand fir, Engelmann spruce, Pacific yew, and Scouler willow) (fig. 83). 
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Figure 83 – Example of low thinning in a moist mixed-conifer forest, with 

western larch selected as the primary residual species. Low thinning is de-

fined as the removal of trees from lower crown classes or canopy layers in or-

der to favor those in upper crown classes or layers. For mixed stands, thin-

ning can be used to modify species composition by favoring one species over 

another. In this example, the majority of the residual trees are western larch, 

a shade-intolerant tree species, and the majority of the removed trees were 

grand fir and Engelmann spruce, both of which are shade-tolerant species. 

Note that shade-intolerant trees are capable of surviving for much shorter 

time periods when subjected to high amounts of competition-induced stress 

than species with intermediate or high amounts of shade tolerance (fig. 79). 

When young stands already have a reasonable proportion of larch, western white 

pine, and Douglas-fir, intermediate treatments (improvement cuttings and thin-

nings) will be important in the future to maintain the ‘competitive advantage’ or 

‘free-to-grow’ status of these species (Jain and Graham 2002, Jain et al. 2004). 

Today, a mosaic of young forest patches with heightened fire and insect hazard is 

interspersed with old-forest patches; thinning in young stands not only accelerates 

development of large-diameter trees, but it also helps protect the old-forest patches 

from stand-replacing fire or insect outbreaks (Franklin et al. 2002, Swanson et al. 

2010). Thinning is also desirable for stands where western white pines with genetic 

resistance to blister rust could be perpetuated (Jain and Graham 2002). And, finally, 

thinnings could be used to favor future fire resistance, even for a tree genus with low 

overall resistance such as Abies (fig. 84). 

A variable-density thinning strategy utilizing skips and gaps could be considered 

as a strategy for improving or introducing spatial heterogeneity (Aber et al. 2000, 

Franklin et al. 2007). Treatments introducing gaps into homogeneous plantations 

can be particularly beneficial from a wildlife perspective (Sallabanks et al. 2002). 
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Figure 84 – Bark characteristics for mature 

examples of white/grand fir (dry sites; upper 

left), grand fir (moist sites; upper right), and 

subalpine fir (moist/cold sites, lower right) 

trees. The upper left image shows deep bark 

fissures and thick (also corky or spongy) bark 

plates for a dry-site fir found in the southern 

Blue Mountains. The upper right image 

shows shallow bark fissures and narrow, thin 

bark plates for a moist-site grand fir in the 

northern Blue Mountains. The lower right 

image shows poorly developed bark fissures 

and plates for a subalpine fir in the northern 

Blue Mountains. These images portray mor-

phological and physiological differences 

across a large geographical extent, such as 

the Blue Mountains, for one species (or hybrid 

complex) – the white/grand firs portrayed in 

the upper row, and across the Abies genus – 

the white/grand firs in the upper row com-

pared with the subalpine fir in the lower 

right. Images taken from Sudworth (1916). 
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“The abundance of many bird groups was higher in the gap-dominated than in 

the continuous forest. Species preferring interior parts of the forest had the most 

negative association with the presence of gaps but this relationship was not statisti-

cally significant. Abundances of many bird groups increased with increasing gap 

size, while its effect on abundance of some bird groups disappeared quickly. Our re-

view suggests that silvicultural practices that bring about small gaps do not nega-

tively affect the abundances of most forest birds and often even enhance it. However, 

more studies are needed to examine optimal size and abundance of gaps in a forest 

and whether emulated small-scale disturbance effectively mimics natural processes” 

(Forsman et al. 2010). 

Other research suggests it’s not just gaps that make a difference in terms of avi-

an habitat, particularly for moist grand fir forests of the Blue Mountains (Salla-

banks et al. 2002, 2006). “That most studies on thinning of coniferous forest have 

found increased abundance and richness of birds suggests that thinning can provide 

some positive ecological benefits while increasing timber yields. The dense nature of 

such stands [unthinned stands dominated by fir or pine species], the similarity of 

structural forms of individual trees, and low light penetration creates a homogene-

ous vertical structure with little ground vegetation. Given the importance of struc-

tural complexity as a factor influencing habitat selection in birds, it is perhaps not 

surprising that thinning results in increased bird diversity in coniferous forests” 

(Bayne and Nielsen 2011, p. 1925). 

Thinning For Young Stands  (Plantations)  

Unlike old forests, young forests change rapidly (Oliver and Larson 1996). Silvi-

cultural intervention can influence the speed and direction of this change to acceler-

ate development of desired forest structure, reduce fire risk and, at the same time, 

produce some of the utilitarian goods and services desired by society (Keyes 1996). 

This fact illustrates that silviculture is little more than application of ecological lev-

erage. Thinning, a purposeful application of ecological leverage, is designed to meet 

a wide variety of management objectives (figs. 76-79, 83, and 85) (Smith et al. 1997). 

Young stands on moist-forest sites provide many opportunities to apply ecological 

leverage by influencing future development of composition, structure, and density. 

Taking immediate action for young stands is a proactive shift to curtail excessive 

fire and insect impacts, and a shift away from reactive responses to landscape-scale 

disturbance. The solution starts with thinnings and understory removals to reduce 

stand density in overcrowded forests, including young stands (Oliver et al. 1994). 

A pessimistic note: While sound restoration work is being conducted throughout 

the Blue Mountains to increase terrestrial and aquatic resilience, many indicators 

suggest the pace and scale of restoration work should be increased substantially. 

Lately, it seems as if only a restoration program of unprecedented scope may alter 

the direction of current trends, and it needs to occur quickly to be successful. 
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Figure 85 – Moist, mixed-conifer forest with western larch (yellow foliage) 

dominant in the overstory in the Lookout Mountain portion of the northern 

Blue Mountains. Commercial thinning and other active management treat-

ments could be considered for reducing intertree competition in these mixed 

stands, and thereby improve the survival potential for larch. For situations 

where promoting larch is a management objective (such as in response to a 

range of variation analysis for species composition indicating that larch is 

under-represented in a moist-forest landscape), two primary approaches are 

available: favor larch by using improvement cuttings or thinnings to remove 

competing species for stands where an acceptable component of larch still ex-

ists (as is shown here), or complete a regeneration cutting (fig. 76) designed 

to obtain natural larch regeneration or create acceptable site conditions for 

planting larch seedlings. 

Note that the successional progression shown here – stands initially con-

taining a predominance of western larch following a stand-initiating disturb-

ance event, but with larch gradually and inexorably being replaced by more 

shade-tolerant associates such as Engelmann spruce and grand fir – was 

found to be common across the portion of the interior Columbia River basin 

coinciding with the natural range of western larch (Quigley and Arbelbide 

1997). Without active management intervention, which could easily take the 

form of thinning (instead of a regeneration cutting method) at this point be-

cause the proportion of western larch is still relatively high, then we would 

expect the representation of western larch in this landscape to continue to 

decline with the passage of time. 

No single silvicultural system, however, can hope to precisely reproduce the in-

herent variability of a landscape because forests are shaped by a variety of disturb-

ance processes (Voller and Harrison 1998), suggesting that variable-density thinning 

with skips and gaps, along with aggregated retention, are two approaches worthy of 

consideration for moist-forest landscapes where intrastand diversity has deteriorat-

ed (Franklin et al. 2007). 
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When trying variable-density thinning with skips and gaps, or similar approach-

es such as aggregated retention (Franklin et al. 2007) for the first time, consider ap-

plying them on a small scale. Be aware of, and understand, the risks being taken, 

and recognize that mistakes are probably inevitable. Because each implementation 

is a new learning experience, be creative and innovative to whatever extent the cir-

cumstances allow, and remember that we learn best from our mistakes. 

The bottom line is: start slowly with a forgiving project area or management con-

text, so the lessons we learn from new approaches like variable-density thinning 

come with minimal pain and are less likely to foreclose future options for additional 

learning opportunities. 

Some managers are concerned that accelerated thinning of young stands might 

lead to unacceptable levels of tree wounding and associated stem decay, or perhaps 

to an increased level of annosus root disease because of the stumps left behind by 

thinning (annosus spreads by colonizing fresh stumps). Research suggests these con-

cerns might be unfounded, particularly for situations where most of the residual 

trees are still physiologically young and vigorous. 

“In grand fir stands in southern Oregon, artificially inflicted wounds tended to 

close more rapidly on trees in thinned stands than on trees in unthinned stands. 

Thus, western conifers that have been thinned and are growing more rapidly appear 

to develop a smaller percentage of decay than do trees in unthinned stands. Thin-

ning tended to maintain increased tree vigor and diameter growth several years af-

ter treatment for stands of grand fir (after 16 yrs), ponderosa pine (after 16 yrs), and 

lodgepole pine (after 10 yrs). Small-diameter stumps such as those created through 

precommercial thinning generally do not result in infection of adjacent living pine or 

fir in the Pacific Northwest. Although thinning may result in some wounding and 

subsequent stem decay in residual grand firs, the percentage of stem decay is likely 

to be lower in thinned stands than in unthinned stands” (Filip et al. 1995). 

Some of the watersheds containing young stands and plantations are deficient in 

old-forest structure as a result of their historical timber harvest. How might old for-

est be restored for watersheds where it is reduced from desired levels? I believe this 

process could contribute to restoration of old forest when it is deficient: 

1. Identify existing old-forest patches and conserve them from timber harvest, so 

they could serve as a foundation for future old-forest habitat. 

2. Identify mid- to late-seral patches (primarily understory reinitiation stands) in 

close proximity to existing old-forest patches as potential replacements for them. 

3. Examine mid- to late-seral patches to determine which old-forest attributes they 

have, and to determine if management practices (thinning, etc.) could promote 

missing attributes more quickly than would occur by doing nothing. 

4. Identify a desired landscape patch distribution and determine if early-seral 

stands (stand initiation and stem exclusion), when they occur at a desirable spac-

ing, could be actively managed (thinned, etc.) to produce old-forest attributes 

more quickly than would occur by doing nothing. 
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5. When identifying candidates for future ‘old forest multi-strata’ patches, stands 

should be selected with the highest potential to survive to the old forest stage – 

namely areas on north-facing aspects and at high elevations, particularly if they 

occur within valley bottoms and drainage headwalls. The predicted location of 

these semi-stable environmental settings could be modeled by using criteria sim-

ilar to those described in Camp et al. (1997). 

Future treatments in young stands could also attempt to rehabilitate existing 

visual conditions by restoring a natural vegetation pattern. For example, previous 

clearcut units could be expanded and shaped in such a way as to approximate the 

pattern, juxtaposition, and size of patches created by historical occurrences of stand-

replacing wildfire, particularly for areas within cold and moist forest PVGs (see 

“Timber Harvest and Landscape Pattern” discussion in section 4). At a minimum, 

visual rehabilitation should attempt to modify the geometrically simple pattern as-

sociated with existing square clearcuts (Perry 1988). 

Promoting Limited Vegetation Components : Western White Pine  

By its very nature, an ecological approach to forest management encourages ana-

lysts to adopt a broad perspective that emphasizes looking beyond site-level condi-

tions to understand ecosystem-specific disturbance regimes at a landscape scale 

(Benecke 1996). One potential pitfall of a broad perspective, however, is the risk of 

overlooking limited vegetation components such as quaking aspen, western white 

pine, or black cottonwood – many of which have a restricted distribution and are ba-

sically indistinguishable at the coarse grain of a landscape scale. 

Western white pine, a mid-seral tree species, is sometimes found on cool moist, 

cool wet, and warm moist sites in the upper montane and lower subalpine vegetation 

zones (Powell 1998). It was characterized as having a restricted geographical distri-

bution in the Blue Mountains (Haig et al. 1941). In actuality, western white pine has 

a fairly wide distribution in the Blues, but it occurs as a minor species and seldom 

comprises a plurality of the basal area in any individual stand. Due to changes 

caused by fire suppression, bark-beetle outbreaks, white pine blister rust (Cronar-

tium ribicola), and other factors, it is believed that western white pine was more 

abundant historically in the Blue Mountains than at present. 

Over the last 20 years, western white pine has increasingly been used in refores-

tation plantings because it survives well and has rapid juvenile growth. I recom-

mend that rust-resistant sources of white pine continue to be planted on moist-forest 

sites where it is ecologically well adapted (see table 25). In the near future, some of 

the historical plantations containing white pine will need to be thinned. Although 

stocking levels were not developed specifically for western white pine (Cochran et al. 

1994, Powell 1999b), I suggest that Douglas-fir stocking levels be used for white 

pine, as recommended by Seidel and Cochran (1981). 
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Promoting Limited Vegetation Components: Broadleaved Tree Species  

When present in areas dominated by conifer forests, the golden yellows or tawny 

russets of fall aspen foliage provide a welcome splash of color. Although it may be 

difficult to quantify, it is likely that quaking aspen was historically more abundant 

in the Blue Mountains than it is now – fire suppression and ungulate grazing over 

the last 120 years has undoubtedly reduced its distribution (Shirley and Erickson 

2001, Swanson et al. 2010). [When fire regimes were functioning properly, conifers 

increased flammability and promoted fire, which allowed the suckering aspen to oc-

cupy these sites for many generations of aspen ramets (Cumming 2001).] 

Aspen is a clonal species that regenerates primarily by producing suckers from 

its root system (Schier et al. 1985). Unfortunately, the suckers are highly palatable 

to elk, deer, and domestic livestock. In order to allow the suckers to persist and 

eventually grow above the browse height of large ungulates, it is a common practice 

to fence aspen clones to prevent grazing damage (fig. 86). Relict aspen clones exist 

sporadically on moist upland forest sites, and they represent a high restoration need 

(Shirley and Erickson 2001, Swanson et al. 2010). 

“In stands with very low levels of regeneration and high levels of crown loss and 

mortality (correlated with high root mortality), silvicultural manipulations may be 

unsuccessful in maintaining significant aspen cover on the site. Instead, manage-

ment efforts may be better directed toward stands with intermediate levels of crown 

loss and/or higher levels of pre-existing regeneration, indicating that roots are still 

abundant and vigorous enough to respond to disturbance. Where regeneration is 

marginal to deficient and herbivory is significant, reduction of herbivore pressure 

will aid in recovery and increase the likelihood of aspen cover in the future” (Worrall 

et al. 2010). 

Although long-term trend data is unavailable, black cottonwood is another spe-

cies whose distribution is undoubtedly reduced from historical levels. Herbivory im-

pact, and curtailment of frequent spring flooding, combined with other factors to lim-

it cottonwood regeneration. Perhaps even more so than aspen, black cottonwood oc-

curred frequently as a component in mixed stands on moist upland-forest sites. 

Research in the Blue Mountains has consistently shown a strong association be-

tween ungulate herbivory levels and the abundance and vigor of woody, broadleaf 

plant species (Riggs et al. 2000, Swanson et al. 2010, Vavra et al. 2007). This pas-

sage from a recent journal paper illustrates the broadleaf situation well: “Ungulate 

herbivory can dramatically affect the density and structure of aspen, cottonwood, 

and willow in areas of high recruitment of these species after episodic disturbance. It 

is likely that in many coniferous forests of western North America, that the absence 

of aspen, cottonwood, and willow species as understory species may reflect the very 

short time periods over which these plant species can be substantially reduced or 

eliminated in response to high ungulate herbivory that typically follows episodic 

ground disturbances. Our results further suggest that aspen, cottonwood, and willow 

species are potentially common components of upland forests of grand fir and Doug-
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las-fir communities of interior western North America [fig. 87]. Aspen, cottonwood, 

and willow species can exist as shrubs or trees, and our results indicate that these 

species have the potential to be dominant or co-dominant members of upland forest 

sites previously considered as strictly coniferous forest types” (Endress et al. 2012). 

 
Figure 86 – Fencing to prevent ungulate browsing of quaking aspen in a 

moist-forest setting of the northern Blue Mountains. Buck-and-pole, A-frame-

style fencing has been widely used on the Umatilla National Forest for at 

least 20 years now as a way to mitigate some of the impacts associated with 

ungulate herbivory of aspen suckers (Shirley and Erickson 2001). Fencing is 

often included with other activities in an integrated aspen restoration plan. 

When conifers need to be removed from aspen stands (because conifers sup-

press aspen regeneration), selling them for wood products may generate 

enough revenue to pay for the ungulate-exclusion fencing. If some of the coni-

fers that need to be removed are suitable as buck-and-pole fencing material 

(such as lodgepole pine), they could obviously be retained for this purpose. 

The ungulate browsing narrative provided for black cottonwood (see fig-

ure 87, next page) is also applicable to quaking aspen forest (Endress et al. 

2012, Riggs et al. 2000). And as described for figure 87, quaking aspen is also 

appropriate for reintroduction on cool moist and cool very moist upland forest 

sites (table 27, appendix 1, shows the potential vegetation types assigned to 

the cool moist and cool very moist plant association groups) (Swanson 2007). 

In addition to the quaking aspen and black cottonwood effects described in 

figures 86-87, some literature sources (including Endress et al. 2012) describe 

the deleterious effects of wild and domestic herbivory on several species of 

upland willow, including Bebb and Scouler willows. 
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Figure 87 – Black cottonwood often occurs on moist forest sites. Research 

suggests that aspen, cottonwood, and willow species were historically a com-

mon component of moist upland forest sites (Endress et al. 2012). But due to 

their low resistance to herbivory effects (Endress et al. 2012, Riggs et al. 

2000), these species are now uncommon on upland sites, and contemporary 

land managers often perceive them to be obligate riparian species because 

they retreated to moist-site refugia (swales, intermittent stream drainages, 

moist meadow margins) in response to a century or more of ungulate brows-

ing, fire exclusion, and conifer competition. Other woody plants commonly 

encountered on moist-forest sites, including Oregon boxleaf (Paxistima myr-

sinites) and Pacific yew (Taxus brevifolia), are frequently suppressed or elim-

inated by high levels of ungulate use (Box 1, earlier in this white paper, des-

cribes Pacific yew browsing effects). Cool moist and cool very moist habitats 

within the Moist Upland Forest potential vegetation group (table 27, appen-

dix 1, shows the potential vegetation types assigned to the cool moist and cool 

very moist plant association groups) are appropriate candidates for reintro-

duction of black cottonwood on upland (non-riparian) sites (Swanson 2007). 
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The Endress et al. (2012) quote supports my assertion that although we may not 

know for certain why aspen occurs as small stands in the Blue Mountains (stands of 

less than an acre are common, as compared to stands covering dozens or hundreds of 

acres in the Rocky Mountains of Utah, Wyoming, and Colorado), I suspect our con-

temporary aspen stands may have retreated to their moist-site refugia (swales, in-

termittent stream drainages, moist meadow margins) in response to a century of 

ungulate browsing, fire exclusion, and conifer invasion (Swanson et al. 2010). 

Adaptive Management As A Project Planning Framework  

Perhaps an ideal management framework for moist forests is adaptive manage-

ment (fig. 88) (Bormann et al. 1994b). Adaptive management involves participatory 

planning, and it is informed by iterative learning about the ecological, social, and 

economic components of sustainability. It accounts for previous successes and fail-

ures, it can promote increases in contemporary resilience (for both socioeconomic 

and ecological systems), and these in turn can improve an ecosystem’s capacity to 

respond to future changes and threats (Johnson 1999, Lee 1999). The overall goal of 

adaptive management is not to maintain an optimal condition for a particular re-

source, but to develop an optimal management capacity (Johnson 1999). 

Managing moist forest and other multiple-use landscapes by attempting to bal-

ance benefits for humans and a myriad of ecological values is a complicated endeav-

or, and I believe an adaptive management framework is ideally suited for this task. 

Although many illustrative models have been proposed for adaptive management, 

figure 88 provides a simple and commonly used one. 

In its simplest form, adaptive management is learning from doing, and since 

learning occurs by implementing management policies and practices (not just from 

traditional application of science-based inquiry and associated research findings), 

adaptive management could provide an ideal framework for moist-forest manage-

ment. And because the adaptive management model includes monitoring and evalu-

ation in addition to the adjustment (adaptive) phase, it provides more options than 

simply muddling through or continuing a status quo (business-as-usual) approach. 

Although adaptive management is intuitively attractive, it deserves an ‘eyes 

wide open’ approach. It “has been hailed as a solution to endless trial and error ap-

proaches to complex natural resource management challenges. However, its imple-

mentation has failed more often than not. It does not produce easy answers, and it is 

appropriate in only a subset of natural resource management problems. It is not a 

panacea for the navigation of ‘wicked problems’” (Allen and Gunderson 2011: 1380). 

Adaptive management presents an important challenge and opportunity for for-

estry in the decades to come, particularly in the context of climate change and its 

associated uncertainties. Although it is still unclear how climate change might un-

fold, it obviously presents high risk of management failures; adaptive management 

could function as an integral component of an overall risk management strategy for 

dealing with rapid environmental change in the future (Bolte et al. 2009). 
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Figure 88 – Adaptive management cycle. Adaptive monitoring efforts must 

be capable of measuring (detecting) the outcomes of alternative management 

approaches; this is fundamental to any effective partnership between man-

agement and adaptive monitoring. Monitoring implies continuous assessment 

of one or more variables. It is a set of measures taken as a time series, there-

by providing trend data. Monitoring is defined as “the collection and analysis 

of repeated observations or measurements to evaluate changes in condition 

and progress toward meeting a management objective” (Elzinga et al. 1998). 

Muddling through (Lindblom 1959) is sometimes adopted as a management 

strategy, but its lack of tactical clarity leaves a lot to be desired. 

The adaptive management cycle could be especially important for moist-

forest management because stakeholder judgments are provisional in re-

sponse to evolving public opinion – what is acceptable today may change de-

pending on new information or after adopting new management practices. 

Adaptive management also accounts for seemingly opposite judgments about 

an issue – stakeholders can support active and passive management simul-

taneously because of their expectation that each of them would occur in dif-

ferent and carefully selected areas, so both could easily coexist somewhere on 

an affected landscape (Olsen and Shindler 2010). 

Essential to managing for the uncertainty of changing climates is the use of an 

adaptive approach where we learn from past and ongoing experiences (Stephens et 

al. 2010). A desirable goal for active management of moist forest should incorporate 

flexible strategies considering both the historical and future ranges of variation, 

while “also accommodating knowledge advances and social changes using the princi-

ples of adaptive management” (Kuuluvainen and Grenfell 2012). 
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Restoring ecological integrity for altered moist-forest ecosystems often requires 

bold management to reinitiate feedback cycles and overcome the inertia of degraded 

landscapes and biophysical systems (Suding et al. 2004). Adaptive management as a 

response to climate change could also minimize carbon losses from wildfire. Recent 

research concluded that “more carbon is lost from the system if fires are followed by 

delays in forest regeneration (Keyser et al. 2008), substantially reduced forest densi-

ty (Kashian et al. 2006), or vegetation conversions to grasslands or shrublands (Sav-

age and Mast 2005)” (Raymond and McKenzie 2012). 

[But also consider that historically, moist-forest sites did not always support 

trees or just conifers – at any particular time, they would have supported at least 5% 

grass-forb cover types, 5% shrub cover types, and 10% broadleaved tree cover types, 

as shown in table 18 of section 6.3: Range of Variation. For some contemporary 

moist-forest landscapes that experienced simplification and homogenization in the 

past (Lehmkuhl et al. 1994), I doubt the RV objectives for herbs, shrubs, or broad-

leaved trees could be satisfied at the present time.] 

“Ecosystems are moving targets, with multiple potential futures that are uncer-

tain and unpredictable. Therefore management has to be flexible, adaptive, and ex-

perimental at scales compatible with the scales of critical ecosystem functions” (Wal-

ters 1986). “Trying to turn the landscape upside down to hack out or cobble together 

a habitat for one endangered species or another may actually be harder work than 

reassembling an entire functioning ecological community that supplies the habitat 

by virtue of landscape-wide processes” (Simberloff 1990). 

The insights from Walters (1986) and Simberloff (1990), provided in the para-

graph above this one, recognize that moist forest (or any other ecosystem type) sel-

dom exists in isolation. The most common situation is for moist forest to occur in a 

landscape mosaic – sometimes it is the dominant landscape element (the matrix), 

and at other times, it exists as patches (discrete stand-scale units) within a much 

more extensive dry-forest or cold-forest matrix. 

A mosaic situation, however, can arise from several sources. In addition to the 

ecological mosaic described above, administrative land-use designations can create 

an ‘operational’ mosaic (Everett and Lehmkuhl 1996, 1999; Everett et al. 1994) 

where vegetation conditions can be modified for some areas by using timber harvest, 

whereas other areas can only be changed by applying prescribed fire or another non-

harvest activity. Some portions of the Umatilla National Forest, for example, are re-

served from timber harvest (such as Wilderness areas, and designated old-growth 

units and other Forest Plan management areas where timber harvest is prohibited), 

while other portions have restrictions limiting harvest (such as Roadless Areas and 

Riparian Habitat Conservation Areas) (Christensen et al. 2007). 

After accounting for reserves and restricted areas, areas remaining for timber 

harvest can be termed Active Forestry (this classification system is described in 

Rainville et al. 2008). For the Umatilla National Forest, figure 89 shows that ap-
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proximately 45% of the National Forest System lands are classified as moist forest, 

with the remainder being nonforest (19%), dry forest (29%), and cold forest (7%). 

And of the moist forest, figure 89 shows that approximately 44% is reserves and 15% 

is restricted, neither of which are available for timber management, and that ap-

proximately 41% is Active Forestry, representing the proportion on which vegetation 

conditions could be changed by implementing timber harvest. 

I am convinced that the adaptive management concepts discussed in this section 

are best implemented by using a collaborative approach (fig. 90). Why collaboration? 

Well, one compelling reason is that research suggests that diversity matters, and 

new leaps of human logic, innovation, and invention are more likely to arise when 

people of different backgrounds and abilities work together toward a common goal 

(Woolley et al. 2010). And, just as land management is a long-term endeavor requir-

ing flexibility and sustained commitment, so too is collaboration. 

“Collaboration among diverse stakeholders is expected to enhance learning, build 

social legitimacy for decision making, and establish relationships that support learn-

ing and adaptation in the long term. Leaders and facilitators of adaptive collabora-

tive management can more effectively manage for productive stakeholder engage-

ment and, thus, social-ecological resilience if they are more tentative in their convic-

tions, more critical of the role of expert knowledge, and more attentive to the know-

ledge, interests, and power of diverse stakeholders” (Arnold et al. 2012). 

Collaborative groups also provide enhanced capacity for the data collection and 

quality control components of a monitoring program. In some instances, collabora-

tive groups contain scientific expertise comparable or superior to that of an agency, 

and long-standing groups tend to have in-depth understanding of an agency’s mis-

sion and objectives, often allowing them to function at a higher level than other 

sources of citizen science (Cohn 2008, Dickinson et al. 2012, McKinley et al. 2012). 

And not all monitoring needs to include rigorous data collection – camera points 

(Hall 2002a, 2002b; Powell 2008b) provide effective information and insights (Powell 

2014), although they do not provide quantification to the same extent as detailed in-

ventory methods. Camera points and similar methodology are very compatible with 

the suite of expertise available from collaborative groups. [Figures 75 and 80 show 

how camera points can be used, and they demonstrate that meaningful trend data 

can be obtained relatively quickly from camera points.] 

An important function of collaborative groups is to help keep an agency ground-

ed: “participants in natural resource management organizations are not perceived by 

stakeholders as being as successful as they themselves think they are (Leach 2002). 

It reminds us that perceptions may differ from reality. It also suggests a disconnect 

between agency personnel and stakeholders, which can be problematic if agency per-

sonnel perceive they are being successful and stakeholders do not. An agency that 

perceives itself as successfully implementing a policy is likely to continue on its pre-

sent course. If stakeholders view the agency’s success differently, they may seek to 

impose change from the outside” (Koontz and Bodine 2008). 
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Figure 89 – Land allocation summary for the Umatilla National Forest. Not 

all acres within the national forest are available for timber management – 

nonforest herblands and shrublands (19%) do not support trees, and some of 

the forested lands are reserved from timber harvest, such as Wilderness and 

Forest Plan management allocations for which timber harvest is not author-

ized (such as C1 for dedicated old growth). Other forested lands have restric-

tions limiting harvest, such as Roadless Areas and riparian habitat conserva-

tion areas. The round chart on the left shows that 45% of the Forest’s 1.4-

million acre landbase supports moist upland forests. The column chart on the 

right breaks down moist forest into three land allocation categories – it shows 

that less than half (41%) of moist upland forest is available for timber har-

vest (Active Forestry is 41% of the moist upland forest biophysical environ-

ment; this acreage is about 18% of the total, 1.4-million acre landbase for the 

Umatilla NF). Vegetation modifications for the other 59% (reserves and re-

stricted) must be completed by using tools other than timber management. 

The role of trust figures prominently in collaboration because it has a crucial in-

fluence on our ability to apply active management, in an adaptive management 

framework, for moist forests of the interior Pacific Northwest. As noted in a recent 

journal article: “the lack of public trust in agency proposals probably has been the 

largest single obstruction in moving active management forward on federal forest-

lands” (Franklin and Johnson 2012). 

The important role of collaboration and public involvement in supporting active 

forest management has long been recognized: “the biggest barrier is social – that is, 

forging the social consensus on the actions needed to manage NFS [National Forest 

System] lands to maintain ecosystem health” (MacCleery 1995, p. 43). Collaboration 

is a cornerstone of contemporary forest management (Brown 2012), and it is an im-

portant component of our Forest Service ethics: “our service ethic is to tell the truth, 

obey the law, work collaboratively, and use appropriate scientific information in car-

ing for the land and serving people” (Thomas 1995, USDA Forest Service 1994). 

Dry UF
29%

Cold UF; 7%

Nonforest
19%

Active
Forestry

41%

Reserves
44%

Restricted; 15%

Moist UF
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Figure 90 – Collaborative group field tour in the Trout Creek or Oregon Can-

yon Mountains of southeastern Oregon (photo by D.C. Powell in June 1995). 

For many reasons, collaboration is being emphasized as an integral component 

of public-land management (and some of the recent public lands legislation, 

such as the Healthy Forests Restoration Act of 2003, established an explicit 

requirement for collaboration). Collaboration, however, is not a new endeavor 

– it has been occurring in the lower Columbia River basin for at least the last 

25 or 30 years (but current levels of collaboration are much higher than they 

were historically). 

Here are my thoughts about some basic concepts and principles relating to effec-

tive collaboration:8 

 Good communication supports effective collaboration. 

 Effective collaboration leads to trust. 

 Trust is validated with good performance. 

 Good performance enables a freedom to manage. 

 Freedom to manage fosters creativity. 

 Creativity is a privilege, not a right. 

 Privileges are valuable and should be safeguarded. 

And as a corollary, consequences of ineffective collaboration include these items: 

 Poor performance (and follow-through) leads to a loss of trust. 

 Loss of trust leads to poor communication. 

 Poor communication contributes to conflict. 

 Conflict inhibits creativity. 

                                                 
8 Based on case studies examining the Bridger-Teton N.F. Wilderness Planning Process; Guiding the 

Course Consensus Group; Pine-Eagle Consensus Group; and Trout Creek Mountains Working Group. 

See: Powell, D.C. 1995. Ecosystem analysis in the interior Columbia River basin: a survey of some al-

ternative approaches. Walla Walla, WA: USDA Forest Service, Interior Columbia Basin Ecosystem 

Management Project. 66 p. 
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 Lack of creativity leads to process-oriented management. 

 Process-oriented management is ineffective (except perhaps to litigants). 

Consideration Of Best Available Science  

Most Forest Service resource specialists recognize the value of science, and the 

importance of using ‘best available science’ as one of their professional responsibili-

ties. Even so, some specialists do not use science as much as they could, sometimes 

because they believe science is written for other scientists (i.e., too complicated to be 

useful for land managers), or because workload considerations limit their opportuni-

ties to use science (e.g., science is left unused due to a lack of time and administra-

tive support for obtaining, reading, and synthesizing it) (Archie et al. 2012). 

[Note: one reason for producing white papers, including this one, is to synthesize 

relevant science information about a topic or issue, and thereby make it more acces-

sible to natural resource professionals.] 

Professional and technical knowledge is acquired from a continually growing 

store of scientific information. This knowledge is not learned once in a lifetime – it 

steadily accumulates as a practitioner keeps abreast of new scientific information 

and is exposed to new ideas and concepts. Keeping current with the scientific litera-

ture is important because science is not a fixed set of beliefs – it is an evolving pro-

cess. The knowledge we use today is available because we stand on the shoulders of 

those who preceded us, and we hope our contemporary contributions will allow those 

who follow us to stand on our shoulders as well. 

Science is not absolute or irrefutable – much of what we know in a science con-

text is endlessly evolving. This means that what constitutes high quality science 

might vary over time and across scientific disciplines. An objective of considering 

high quality science is for scientists “to provide a meaningful context to scientific in-

formation so that its validity might be judged and therefore useful to the policymak-

er” (Moghissi et al. 2008). A meaningful context is important because there is not a 

single scientific truth, but always a set of options from which to choose. 

The role of science is to frame or bound the options on which active management 

can be based, but not to actually make policy or direct management. Science fits un-

comfortably in decision making because it can rarely be definitive. Acknowledging 

this reality is important to avoid misunderstandings and unrealistic expectations 

about the roles and responsibilities of science. 

One of the hallmarks of good science is that it is free of value and policy judg-

ments. Therefore, it’s very important for practitioners and managers to locate, use, 

and cite good science (preferably the ‘best available science’) because it functions as 

a foundation for sustainable natural resource management. When the Forest Service 

completes a planning process to authorize active management for moist forests, we 

must demonstrate in the administrative record that scientific evidence was given a 

‘hard look,’ and that scientific methodologies we employed can reasonably be expect-



 

 245 

ed to meet legal obligations established by National Forest Management Act, Na-

tional Environmental Policy Act, Endangered Species Act, and others. 

The following considerations (including cautions and caveats) relate to identifica-

tion and utilization of best available science (BAS) when planning for active man-

agement of moist-forest ecosystems: 

1. The focus of BAS should be on peer-reviewed literature published in credible out-

lets such as scientific journals. Although peer review is not a panacea (Bohannon 

2013, Neff and Olden 2006), it provides a well-established process to evaluate 

scientific rigor. 

2. Emphasizing journal papers should not overlook relevant scientific information 

produced by government agencies and non-governmental organizations, or in-

formation published in master’s theses or Ph.D. dissertations. 

3. As a corollary to items 1 and 2, it is incorrect to assume that all scientific infor-

mation produced in non-journal sources (such as general technical reports, re-

search papers, and research notes published by US Forest Service research sta-

tions) has not been peer reviewed, is ‘gray’ literature, or is otherwise irrelevant. 

4. Specialist reports produced during moist-forest project planning will often con-

tain ‘personal-communication’ citations (and these may be important when criti-

cal analysis assumptions were derived from other interdisciplinary team mem-

bers rather than from BAS), but most of the citations in specialist reports should 

refer to high-quality, peer-reviewed literature. 

5. Some of the most powerful science relating to active-management has compelling 

geographical relevance – citing longleaf pine research from the southeastern U.S. 

in support of a ponderosa pine project in eastern Oregon will raise questions un-

less a strong and clear rationale for doing so is clearly articulated. 

6. Production of BAS will almost always lag behind emerging issues, sometimes by 

a considerable time period. This means that reasonable and prudent interpreta-

tion of ‘related science’ will be necessary until BAS has time to catch up. 

7. Correlation refers to a statistical relationship between two random variables or 

two sets of data. Some moist-forest science assumes that correlation between two 

variables implies causation (e.g., a cause-effect relationship). Cause-effect rela-

tionships are valuable because they allow us to fundamentally understand why a 

particular function or ecosystem state is occurring, and whether we can predict 

its occurrence elsewhere. However, we should always remember that causation is 

not established by correlating two sets of observations (comparing one dataset 

with another, for example), but by a set of replicated experiments covering a 

wide range of circumstances (Schreuder and Thomas 1991). 

8. Uncertainty is more than statistical error – it is increasingly being recognized as 

a multidimensional concept involving many qualitative (rather than quantita-

tive) aspects, including inexactness related to limitations of methods or protocols, 

ignorance (despite pretenses to the contrary, we don’t know everything about 

moist forests), incomplete or unsubstantiated assumptions, and restricted ro-

bustness of findings or conclusions. 
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9. More research does not necessarily reduce uncertainty. In fact, it often reveals 

unappreciated or heretofore unknown complexities and uncertainties. 

10. High quality science does not require low levels of uncertainty. 

11. These concerns about uncertainty (items 8-10 and 13) demonstrate that science 

cannot be definitive (at least to an extent often desired by land managers) be-

cause statistical uncertainty (and other sources of uncertainty as well) are part-

and-parcel of the scientific method. 

12. Science is often used strategically by process participants, including selective or 

biased use of science sources to support a particular policy agenda. 

13. As a corollary to the previous point, scientific uncertainty is sometimes magni-

fied and distorted, or occasionally neglected and minimized, and both tactics 

have been used to support a particular position or agenda. 

14. We frequently find ourselves in situations where available scientific evidence 

leads to more than one credible interpretation, suggesting that scientific consen-

sus is unlikely for many natural resource issues because of their inherent com-

plexities (the inherent complexity renders some of these as ‘wicked’ problems, 

sensu Carroll et al. 2007, Shindler and Cramer 1999, and Wang 2002). 

15. Many issues surrounding interpretation and application of BAS are related to 

the way a question is framed by land managers – this can influence science use 

because a management question is seldom framed exactly like the questions (hy-

potheses) that science was designed to answer. 

Best available science refers to disclosure of relevant science in such a way that 

evaluators can determine if science was appropriately interpreted and applied dur-

ing a planning or assessment effort. A formal evaluation of best available science is 

called a science consistency review, which evaluates “whether scientific information 

of appropriate content, rigor, and applicability has been considered, evaluated, and 

synthesized” (Guldin et al. 2003a, 2003b). A credible science evaluation would also 

acknowledge responsible opposing scientific viewpoints to those used during prepa-

ration of a moist-forest project, including issues of scientific controversy. 

And as mentioned above for collaboration, appropriate use and consideration of 

science is one of four components included in our Forest Service ethics: “our service 

ethic is to tell the truth, obey the law, work collaboratively, and use appropriate sci-

entific information in caring for the land and serving people” (Thomas 1995, USDA 

Forest Service 1994). 
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GLOSSARY 

Abiotic. Nonliving components of the environment that are currently not part of 

living organisms, such as soils, rocks, water, air, light, and nutrients (Dunster and 

Dunster 1996). Compare with: biotic. 

Active management. Human intervention into the nature, extent, and timing 

of disturbance to wildland ecosystems for the purpose of obtaining desired goods and 

services (Haeussler and Kneeshaw 2003). It has also been defined as the use of plan-

ning, thinning, prescribed fire, timber harvest, and reforestation to intentionally in-

fluence the health and resilience of a forest. In a climate-change context, active 

management refers to responses supporting ecosystem changes related to climate 

change (such as assisted species migration). 

Adaptation. A far-term climate change strategy adopting tactics such as mini-

mizing negative ecosystem effects (reforest now with tree species expected to be tol-

erant of future droughts), or by exploiting potential opportunities to adapt to future 

climatic conditions. Adaptation is sometimes considered to be analogous with resili-

ence. Adaptation and mitigation are important strategies, in some combination, to 

address climate change. 

Adaptive management. A dynamic approach to land management in which the 

effects of treatments and decisions are continually monitored and used, along with 

research results, to modify management on a continuing basis to ensure that objec-

tives are being met (Helms 1998). 

http://www.forestryimages.org/
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Allelopathy. A competitive strategy in which certain plants produce chemical 

compounds (allelochemicals) interfering with the germination, growth, or develop-

ment of other (competing) plants (Dunster and Dunster 1996). 

Andisol. Soil order characterized by young soils on volcanic substrates (Chapin 

et al. 2002). 

Anthropogenic. Resulting from or caused by people (Chapin et al. 2002). 

Bark beetles. Small, often cylindrical beetles in the family Scolytidae that bore 

through the bark of host trees to lay their eggs and, as larvae, they tunnel and feed 

in the inner bark (Doliner and Borden 1984). 

Basal area. The surface area of a woody stem (or stems), including the bark, as 

if cut off at a certain height (such as breast height or 4½ feet above the ground); also, 

the surface area of all stems in a stand and expressed per unit of land area (basal 

area per acre) (Jennings et al. 2003). 

Biological diversity (biodiversity). The variety of all fauna, flora, and mi-

crobes, and their habitats. Biodiversity is hierarchical, ranging from genetic diversi-

ty to species diversity and then ultimately ecosystem diversity (Powell et al. 2001). 

Biological legacies. Remnants of a previous forest ecosystem that persist fol-

lowing a disturbance, including seeds, large wood in the form of standing dead trees 

(snags) and down logs, and undergrowth plant parts that replace aboveground bio-

mass removed by the disturbance (Foster et al. 1998). 

Biophysical environment. Landscape-level unit of vegetation composition and 

structure, with its associated environmental gradients and processes of change 

(Powell et al. 2007). 

Biotic. Any living component of an ecosystem, including plants and animals 

(Dunster and Dunster 1996). An entity that is distinct from abiotic physical and 

chemical components (Allaby 1998). Compare with: abiotic. 

Burn severity. Fire severity and burn severity are sometimes used interchange-

ably. Note that burn severity relates specifically to soils, particularly to the loss of 

organic matter from, and directly above, the mineral soil (Keeley et al. 2009). Com-

pare with: fire severity. 

Climax. The culminating seral stage in plant succession for any given site 

where, in the absence of catastrophic disturbance, the vegetation has reached a 

highly stable condition and undergoes change very slowly (Dunster and Dunster 

1996). A self-replacing community that is relatively stable over several generations 

of the dominant plant species, or very persistent in comparison to other seral stages 

(Kimmins 1997). Also refer to seral stage: potential natural community. 

Cohort. A group of trees developing after a single disturbance, commonly con-

sisting of trees of similar age, although one cohort can include a considerable span of 

ages ranging from seedlings or sprouts to trees that predated the disturbance 

(Helms 1998). Stands are often characterized as single-cohort or multicohort depend-

ing on whether they contain one or several cohorts (Oliver and Larson 1996). 

Collaboration or collaborative group. A structured manner in which a col-

lection of people with diverse interests share knowledge, ideas, and resources while 
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working together in an inclusive and cooperative manner toward a common purpose 

(USDA Forest Service 2012a). 

Community. In an ecological context, a community is made up of all of the in-

teracting populations in an environment. Community refers to a group of organisms 

that tends to occur together under similar environmental conditions, occupying the 

same habitat or area and interacting with each other (Doliner and Borden 1984). 

Community is usually considered to be a smaller spatial scale than an ecosystem. 

Competition. Negative interactions between individuals of either the same or 

different species that utilize common and limited resources such as nesting sites, 

nutrients, or prey (Doliner and Borden 1984). For trees, competition results in a 

density-related scarcity of certain environmental factors that are important for tree 

growth and survival (Helms 1998). 

Connectivity. Ecological conditions that exist at several spatial and temporal 

scales that provide landscape linkages that permit the exchange of flow, sediments, 

and nutrients; daily and seasonal movements of animals within home ranges; dis-

persal and genetic interchange between populations; and long distance range shifts 

of species, such as in response to climate change (USDA Forest Service 2012a). 

Cover type. The plant species forming a plurality of the composition across a 

given land area, e.g., the Engelmann spruce-subalpine fir, ponderosa pine-Douglas-

fir, or lodgepole pine forest cover types (Helms 1998). Forest cover types of the Unit-

ed States and Canada are described in Eyre (1980). Rangeland cover types of the 

United States are described in Shiflet (1994). 

Crown class. A categorization or classification of trees based on their crown po-

sition relative to adjacent trees within the same canopy stratum; four primary crown 

classes are recognized: 

Dominant – a tree whose crown extends above the general level of the main 

canopy, receiving full light from above and partial light from the sides. 

Codominant – a tree whose crown helps to form the general level of the main 

canopy, receiving full light from above and limited light from the sides. 

Intermediate – a tree whose crown extends into the lower portion of the main 

canopy but is shorter than the codominants, receiving little direct light from 

above and virtually none from the sides. 

Subcanopy (overtopped) – a tree whose crown is completely overtopped by the 

crowns of one or more neighboring trees, occurring in a subordinate or sub-

merged position relative to the main canopy. 

Crown fire. An intense fire that burns through the upper tree or shrub canopy, 

spreading from one woody crown to another above the ground. In most cases the un-

derstory vegetation is also burned. Depending on species, a crown fire may or may 

not be lethal to all dominant vegetation. An example of this would be many shrub 

and broadleaf tree species that sprout from roots, root crowns, or stem bases after 

their tops are killed. A crown fire may be continuous, or it may occur as patches 

within a lower severity burn (Sommers et al. 2011). Three types of crown fire are 

commonly recognized: 



 

 250 

Passive crown fire. This crown fire type is characterized by the torching of a 

small group of trees (Stephens et al. 2012); a solid or continuous flaming front 

cannot be maintained except for short periods. 

Independent crown fire. This crown fire type spreads without the aid of a 

supporting surface fire (compare with active crown fire) (Sommers et al. 2011). 

Active crown fire. This crown fire type is characterized by fire spreading con-

tinuously in crown and surface fuels simultaneously (Stephens et al. 2012), 

which is termed a dependent crown fire, or in just the crown fuels with no sur-

face fuel involvement (independent crown fire). A strongly wind-driven, inde-

pendent crown fire is sometimes observed in boreal forest during late winter or 

spring when a snowpack covers surface fuels. 

Desired future conditions. A description of the land or resource conditions 

that are believed necessary if goals and objectives are to be fully achieved (Helms 

1998). 

Disease. Any more or less prolonged disturbance of an organism that interferes 

with its normal structure or function; the causes of disease are both biotic and abiot-

ic (Doliner and Borden 1984). 

Disturbance. A relatively discrete event that disrupts the structure of an eco-

system, community, or population, and changes resource availability or the physical 

environment. Disturbances include processes such as fires, floods, insect outbreaks, 

disease epidemics, and windstorms (Dodson et al. 1998). 

Disturbance regime. A description of the characteristic types of disturbance on 

a given landscape; the frequency, severity, and size distribution of these characteris-

tic disturbance types; and their interactions (USDA Forest Service 2012a). Descrip-

tion of a disturbance regime would include characteristics such as the spatial distri-

bution of disturbance events; disturbance frequency (number of disturbance events 

in a specified time interval, or the probability of a disturbance event occurring with-

in a particular time interval); return interval (average time between successive dis-

turbance events); rotation period (length of time until an area equivalent to the size 

of an analysis area would be affected in one disturbance event); disturbance size; 

and the magnitude, or intensity, of a disturbance event (Dodson et al. 1998). 

Dominant species. These plant or animal species competitively exclude subor-

dinate species by capturing a disproportionate share of site resources, thus contrib-

uting most to productivity (Ellison et al. 2005). 

Ecological amplitude. See: tolerance. 

Ecological conditions. The biological and physical environment affecting di-

versity of plant and animal communities, persistence of native species, and produc-

tive capacity of ecological systems. Ecological conditions include habitat and other 

influences on species and the environment. Examples of ecological conditions include 

abundance and distribution of aquatic and terrestrial habitats, connectivity, roads 

and other structural developments, human uses, and invasive species (USDA Forest 

Service 2012a). 
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Ecological integrity. The quality or condition of an ecosystem when its domi-

nant ecological characteristics (for example, composition, structure, function, con-

nectivity, and species composition and diversity) occur within the natural range of 

variation, and can withstand and recover from most perturbations imposed by natu-

ral environmental dynamics or human influence (USDA Forest Service 2012a). 

Ecological threshold. “An ecological threshold is the point at which there is an 

abrupt change in an ecosystem quality, property or phenomenon, or where small 

changes in an environmental driver produce large responses in the ecosystem” 

(Groffman et al. 2006). 

Ecological trajectory. “The sequential expression of an ecosystem over time, as 

if you could take a time-lapse movie of an ecosystem over several millennia and play 

it back in a few minutes. The movie will gradually show an extant ecosystem, but its 

composition and structure can be fluid, especially during periods of rapid environ-

mental change, such as those caused by anthropogenic climate change” (Clewell and 

Aronson 2013). 

Ecosystem. A spatially explicit, relatively homogeneous unit of the Earth that 

includes all interacting organisms and elements of the abiotic environment within 

its boundaries. An ecosystem is commonly described in terms of its: (1) Composition. 

The biological elements within the different levels of biological organization, from 

genes and species to communities and ecosystems. (2) Structure. The organization 

and physical arrangement of biological elements such as, snags and down woody de-

bris, vertical and horizontal distribution of vegetation, stream habitat complexity, 

landscape pattern, and connectivity. (3) Function. Ecological processes that sustain 

composition and structure, such as energy flow, nutrient cycling and retention, soil 

development and retention, predation and herbivory, and natural disturbances such 

as wind, fire, and floods. (4) Connectivity. (USDA Forest Service 2012a). Also see: 

connectivity. 

Ecosystem management. Management driven by explicit goals, executed by 

policies, protocols and practices, and made adaptable by monitoring and research 

based on our best understanding of the ecological interactions and processes neces-

sary to sustain ecosystem composition, structure, and function (Christensen et al. 

1996). 

Ecosystem services. Ecosystem services include provisioning services such as 

food, water, timber, and fiber; regulating services affecting climate, floods, disease, 

wastes, and water quality; cultural services providing recreational, aesthetic, and 

spiritual benefits; and supporting services such as soil formation, photosynthesis, 

and nutrient cycling (Hassan et al. 2005). 

Even-aged stand. A stand of trees composed of a single age class (USDA Forest 

Service 2012a). 

Existing vegetation. Vegetation found at a given location at the time of obser-

vation (Jennings et al. 2003). Compare with: potential vegetation. 
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Fire. A self-sustaining chemical reaction releasing energy in the form of light 

and heat (Brenner 1998). Four types of fire are commonly recognized (arranged from 

least intense to most intense): 

Ground fire. Fires burning in surface organic materials such as peat or deep 

duff layers. Ground fires typically undergo a large amount of smoldering combus-

tion and less active flaming than other fire types. They may kill roots of oversto-

ry species due to prolonged high temperatures in the rooting zone (Sommers et 

al. 2011). [Although the terms are often used interchangeably, and incorrectly so, 

ground fire is not the same as surface fire.] 

Surface fire. Fires burning only the lowest vegetation layer, which may consist 

of grasses, herbs, low shrubs, mosses or lichens (live fuels), and dead tree foliage 

and branchwood cast into the surface fuelbed from the overstory canopy. In for-

ests, woodlands, or savannas, surface fires are generally low to moderate severi-

ty, and do not cause extensive overstory mortality (Sommers et al. 2011). 

Mixed-severity fire. For this fire regime, fire severity varies between nonlethal 

understory fire and lethal stand replacement fire, with the variation occurring in 

space (between polygons) or time (within the same polygon). In some vegetation 

types, the stage of succession, the understory vegetation structure, the fuel con-

dition, or the weather may determine whether a low or high-severity (or surface 

or crown) fire occurs. In this scenario, individual fires vary over time between 

low-severity surface fires and longer-interval stand replacement fires. In other 

situations, the severity may vary spatially as a function of landscape complexity 

or vegetation pattern, in which case the result may be a mosaic of young, old, and 

multi-aged vegetation patches (Sommers et al. 2011). 

Stand replacement fire. A fire that is lethal to most of the dominant, above-

ground vegetation, with the result that it substantially changes the vegetation 

structure. Stand replacement fires may occur in forests, woodlands and savan-

nas, annual grasslands, and shrublands. Depending on the vegetation type being 

affected, stand replacement fire may result from crown fire, high-severity surface 

fire, or ground fire (Sommers et al. 2011). Also see: crown fire. 

Fire behavior. This term relates to the manner in which fire reacts to fuel, 

weather, and topography; common terms used to describe fire behavior include 

smoldering, creeping, running, spotting, and torching (Sommers et al. 2011). 

Fire exclusion. Areas where wildland fires were eliminated, including areas 

historically exposed to traditional Native American burning (Rapp 2002b). 

Fire frequency. The number of times that fire occurs within a defined geo-

graphical area and during a specific time period. Fire frequency is sometimes char-

acterized by using fire return intervals: very frequent (0-25 years between fires); 

frequent (26-75 years); and infrequent (76-150 or more years) (Sommers et al. 2011). 

Fire intensity. Fire intensity describes the physical combustion process of ener-

gy release from organic matter. It is often expressed as fireline intensity – the rate of 

heat transfer per unit length of fireline. Since there is often a consistent relationship 

between fireline intensity and flame length, flame length may be used as a measure 
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of fireline intensity (Keeley et al. 2009). Three intensity classes are recognized: low 

(average flame length of less than 3 feet), intermediate (average flame lengths of 3 

to 9 feet), and high (flame lengths exceed 9 feet). 

Fire regime. A fire regime is a generalized description of the role fire plays in 

an ecosystem (Agee 1993). When characterizing a fire regime, the following attrib-

utes are often included: frequency, magnitude (intensity and/or severity), variability, 

seasonality, synergism, and extent (Agee 1998). Note that many fire regime classifi-

cation systems exist; a recent one recognizes three primary regimes for forested en-

vironments (Brown and Smith 2000): (1) understory – fires are generally nonlethal 

to dominant vegetation (80% or more survives), and they do not change its structure; 

(2) mixed severity – fire either causes selective mortality in dominant vegetation 

(depending on its fire tolerance), or it varies between the understory and stand-

replacement modes; and (3) stand replacement – fire kills or consumes the dominant 

vegetation (80% or more is either killed or consumed), and the forest structure is 

changed substantially. Compare with: disturbance regime. 

Fire return interval. This metric describes the time between fires in a defined 

area, usually at the scale of a point, stand, or relatively small landscape area. This is 

called Mean Fire Interval (MFI) in the LANDFIRE system, when it refers to the av-

erage number of years between fires in representative stands (Barrett et al. 2010). 

Fire rotation. The time required to burn an area equal to the defined area of a 

landscape. The entire area may not burn during this period; some sites may burn 

several times, and others not at all. Some authorities consider this term to be synon-

ymous with fire cycle (Sommers et al. 2011). 

Fire severity. Fire severity relates to the loss (death) or decomposition of organ-

ic matter both aboveground and belowground, including tree mortality as a ‘loss’ 

component, but this mortality context is most appropriate for trees lacking any 

sprouting capacity. Fire severity is correlated with fire intensity (Keeley et al. 2009). 

Fire suppression. All activities associated with controlling and extinguishing a 

fire following its detection (Dunster and Dunster 1996). 

Focal species. A small subset of species whose status permits inference to in-

tegrity of the larger ecological system to which it belongs, and provides meaningful 

information regarding effectiveness of a plan in maintaining or restoring ecological 

conditions to maintain diversity of plant and animal communities in the plan area. 

Focal species would be commonly selected on the basis of their functional role in eco-

systems (USDA Forest Service 2012a). 

Forest density management. Cutting or killing trees to increase inter-tree 

spacing and accelerate growth of remaining trees; the manipulation and control of 

forest (tree) density to achieve one or more resource objectives. Forest density man-

agement is often used to improve forest health, to open the canopy for selected trees, 

to maintain understory vegetation, or to promote late-successional characteristics 

for biological diversity (Helms 1998). 



 

 254 

Forest floor. A general term encompassing the layer of undecomposed organic 

matter (leaves, twigs, and plant remains in various stages of decomposition) lying on 

top of the mineral soil (Dunster and Dunster 1996). 

Forest health. The perceived condition of a forest based on concerns about such 

factors as its age, structure, composition, function, vigor, presence of unusual levels 

of insects or disease, and resilience to disturbance. Note that perception and inter-

pretation of forest health is influenced by individual and cultural viewpoints, land 

management objectives, spatial and temporal scales, the relative health of stands 

comprising the forest, and the appearance of a forest at any particular point in time 

(Helms 1998). 

Forest management. Intentional manipulation of forest ecosystems to influ-

ence their composition, structure, or density, and the nature of the products and ser-

vices they provide (Burger 2009). Also see: active management. 

Forest stand. A contiguous group of trees sufficiently uniform in age-class dis-

tribution, composition and structure, and growing on a site of sufficiently uniform 

quality, to be a distinguishable unit (Helms 1998). 

Fragmentation. In the context of landscape ecology, fragmentation is the pro-

cess of creating an increasingly complex mosaic of patches as a result of disturb-

ances, including human activities; the fragmentation process breaks apart a given 

area into smaller, more geometrically simple pieces (Rochelle et al. 1999, Voller and 

Harrison 1998). 

Fuel. All of the dead and living material in an ecosystem that will burn; fuel in-

cludes grasses, dead branches and pine needles on the ground, as well as standing 

live and dead trees (Brenner 1998). Four types of fuel are commonly recognized (ar-

ranged from lowest to highest): 

Ground fuel. A fuel component consisting of duff (the Oi soil horizon) and other 

materials (such as peat) lying on top of a mineral soil surface; ground fuels gen-

erally do not contribute to wildfire spread or intensity (Stephens et al. 2012). 

Surface fuel. A fuel component including dead and down woody materials, lit-

ter, grasses, other herbaceous plant material, and short shrubs; surface fuels 

may be the most hazardous fuel component for some forest types (Stephens et al. 

2012). 

Ladder fuel. A fuel component consisting of small trees or tall shrubs providing 

vertical continuity from surface fuels to canopy (crown) fuels (Stephens et al. 

2012). Ladder fuels are important for initiating crown fire, but they have little or 

no influence on crown fire spread. 

Crown fuel. A fuel component comprised of overstory tree crowns and canopies 

(including foliage and small branches); note that the canopy and crowns of small 

trees (seedlings and saplings) are often included in the ladder-fuels category. Of 

the three primary fuel components (surface, ladder, crown fuels), fire scientists 

often consider crown fuels to be the least hazardous (Stephens et al. 2012), but 

my experience is that this sentiment is seldom shared by managers and practi-

tioners. Crown fuels are typically quantified as canopy bulk density – the mass of 
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available canopy fuel per unit of canopy volume, often expressed in units of kg 

(mass) per cubic meter (volume). 

Fuel load. The amount of combustible material (living and dead organic matter) 

that is found in an area (Brenner 1998). 

Fuel treatment. Any manipulation or removal of fuels to reduce the likelihood 

of fire ignition, lessen potential fire-caused damage, and improve resistance to con-

trol. 

Gap. In forestry usage, a gap is the space left in the canopy when one or more 

trees die, or are removed during timber harvest. 

Gap-phase succession. Succession that occurs in small holes or gaps within a 

patch (stand) due to the death of individual plants or plant parts (Chapin et al. 

2002). 

Growing space. An intangible measure of the total resources of a site (sunlight, 

moisture, nutrients, etc.) available to a plant (Helms 1998). Growing space refers to 

the availability of all resources needed by a plant to exist on a given site (O’Hara 

1996). 

Hazard. Stand, tree, and environmental characteristics that are conducive to an 

insect outbreak or disease infection (Doliner and Borden 1984). Compare with: sus-

ceptibility. 

Indicator species. Species used to monitor environmental change or represent 

specific environmental conditions (Eycott et al. 2007), including plant species con-

veying information about the ecological nature of a site, such as the nitrogen con-

tent, or the alkalinity or acidity, of its soils. These plant species have a sufficiently 

consistent association with a specific environmental condition, or with other species, 

such that their presence can be used to indicate or predict the environmental condi-

tion or potential for the other species (Kimmins 1997). 

Integrated landscape management. “The integrated planning and assess-

ment of land uses and human activities over whole landscapes to ensure the long-

term economic, social, and environmental sustainability of ecosystems and their re-

sources. It is applied at appropriate temporal and spatial scales necessary to achieve 

multiple management objectives” (Canadian Council of Forest Ministers 2008). 

Integrated pest management. The maintenance of biotic disturbance agents, 

including insects and diseases, at tolerable levels by the planned use of preventive, 

suppressive, or regulatory strategies (including silvicultural treatments) that are 

ecologically and socially acceptable. 

Keystone species. Species with ecosystem effects that are disproportionately 

large in comparison to their biomass or number (Eycott et al. 2007). The gopher tor-

toise, for example, is a keystone species because more than 330 other species use its 

burrows (Simberloff 1999). 

Landscape. A defined area irrespective of ownership or other artificial bounda-

ries, such as a spatial mosaic of terrestrial and aquatic ecosystems, landforms, and 

plant communities, repeated in similar form throughout such a defined area (USDA 

Forest Service 2012a). 
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Landscape ecology. A study of structure, function, and change in a heteroge-

neous land area composed of interacting ecosystems (Forman and Godron 1986). 

Some landscape ecologists classify the spatial elements of a landscape into three 

primary components: 

Matrix: the most extensive and most connected landscape element; it plays a 

dominant role in landscape function. The matrix is the landscape element sur-

rounding a patch. 

Patch: a nonlinear land area differing in appearance from its surroundings. 

Patches are a landscape element distinct from the matrix and isolated from other 

similar areas (patches). 

Corridor: a narrow, linear land feature differing from the matrix on either side. 

Riparian habitats along streams or rivers often function as corridors (Forman 

and Godron 1986). 

Layer (vegetation). A structural component of a plant community consisting of 

plants of approximately the same height stature (e.g., tree, shrub, and herb layer); 

as defined here, synonymous with stratum (Jennings et al. 2003). 

Life history traits. Traits of an organism (e.g., seed size and number, potential 

growth rate, maximum size, and longevity) influencing how quickly a species can get 

to a site, how quickly it grows, how tall it gets, and how long it survives (Chapin et 

al. 2002). 

Litter. Dead debris (plant material) covering the ground, including cones, nee-

dles or other shed foliage, branches, and other material (Brenner 1998). 

Management area. A land area identified within the planning area that has 

the same set of applicable plan components. A management area does not have to be 

spatially contiguous (USDA Forest Service 2012a). 

Management implication. A quantifiable index or attribute used to determine 

the success of implementing land management planning guidelines. An example is 

the use of wildlife indicator species (Dunster and Dunster 1996). 

Mechanical treatment. Mechanical treatment refers to the use of tractors or 

other machinery to remove trees in a tree harvest operation (stewardship harvest), 

or to the use of hand-operated tools (chain saws, axes, etc.) to cut, clear, thin, girdle 

or prune woody plant species (Powell et al. 2001). 

Mitigation. A near-term climate change strategy adopting tactics such as reduc-

ing greenhouse gas emissions (by reducing wildfire emissions, for example), or by 

enhancing carbon uptake and storage. Mitigation is sometimes considered to be 

analogous to resistance. Near-term mitigation and far-term adaptation are im-

portant strategies, in some combination, to address climate change. 

Monitoring. A systematic process of collecting information to evaluate effects of 

management actions, or changes in conditions or relationships (USDA Forest Ser-

vice 2012a). 

Native knowledge. A way of knowing or understanding the world, including 

traditional ecological and social knowledge of the environment derived from multiple 

generations of indigenous peoples’ interactions, observations, and experiences with 
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their ecological systems. Native knowledge is place-based and culture-based know-

ledge in which people learn to live in and adapt to their own environment through 

interactions, observations, and experiences with their ecological system. This know-

ledge is generally not solely gained, developed by, or retained by individuals, but is 

rather accumulated over successive generations, and is expressed through oral tra-

ditions, ceremonies, stories, dances, songs, art, and other means within a cultural 

context (USDA Forest Service 2012a). 

Native species. An organism that was historically, or currently is, present in a 

particular ecosystem as a result of natural migratory or evolutionary processes; and 

not present as a result of accidental or deliberate introduction into the ecosystem. 

Natural regeneration. The renewal of a forest community by natural (as com-

pared to human) means, such as tree seedling establishment from seed on-site, from 

adjacent areas, or seed brought in by wind currents, birds, or animals. 

Nature. This term has been used to mean the natural world on Earth as it exists 

without human beings or civilization, that is, the environment including mountains, 

plains, rivers, lakes, oceans, air, and rocks, along with all other nonhuman, nondo-

mesticated living things (Botkin 1990a). 

Old forest. A forest structural stage characterized by a predominance of large 

trees (> 21" dbh) in a stand with either one or multiple canopy layers. On warm dry 

sites that historically featured frequent, low-severity surface fires, a single stratum 

may be present (old forest single stratum). On cool moist sites where surface fire was 

relatively uncommon, multi-layer stands with large trees in the uppermost stratum 

are typically found (old forest multi strata). Compare with: old growth. 

Old growth. Forest stands distinguished by old trees and related structural at-

tributes such as tree size, accumulations of large dead woody material, number of 

canopy layers, species composition, and ecosystem function (Newton 2007). For na-

tional forest system lands in the Pacfic Northwest, characteristics (attributes) of old-

growth forests are described in USDA Forest Service (1993a). 

Outbreak. A sudden increase in destructiveness or population level of a pest 

species in a given area; usually used in reference to bark beetles, defoliators, and 

other forest insects (Doliner and Borden 1984). 

Parent material. Rocks or other substrates that generate soils through weath-

ering (Chapin et al. 2002). 

Pathogen. Any agent, whether a living organism or abiotic factor, that induces 

disease (Doliner and Borden 1984). 

Plant association. A plant community with similar physiognomy (form and 

structure) and floristics; commonly it is a climax community (Allaby 1998). It is be-

lieved that 1) the individual species in the association are, to some extent, adapted 

to each other; 2) the association is made up of species that have similar environmen-

tal requirements; and 3) the association has some degree of integration (Kimmins 

1997). Also see: climax; seral stage: potential natural community. 

Plant association group (PAG). Groupings of plant associations (and other 

potential vegetation types such as plant communities and plant community types) 
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representing similar ecological environments, as defined by using temperature and 

moisture regimes (Powell et al. 2007). The most common PAG in the Moist Upland 

Forest PVG is the Cool Moist Upland Forest PAG. 

Plant community. A naturally occurring assemblage of plant species living in a 

defined area or habitat (USDA Forest Service 2012a). In a vegetation classification 

context: (1) a plant community has no particular successional (seral) status; (2) plant 

communities represent vegetation types with a restricted geographical distribution; 

and (3) plant communities have such a small number of sample plots that it is not 

possible to infer their true successional status (Johnson and Clausnitzer 1992). 

Plant community type. An aggregation of all plant communities with similar 

structure and floristic composition. A vegetation classification unit with no particu-

lar successional status implied (Dunster and Dunster 1996). 

Plant succession. The process by which a series of different plant communities, 

along with associated animals and microbes, successively occupy and replace each 

other over time in a particular ecosystem or landscape location following a disturb-

ance event (Kimmins 1997). The process of development (or redevelopment) of an 

ecosystem over time (Botkin 1990a). 

Potential vegetation. The vegetation that would become established if succes-

sional sequences were completed without interference by man or natural disturb-

ance under present climatic and edaphic conditions; the plant community developing 

if all successional sequences were completed under existing site conditions (Dunster 

and Dunster 1996). Also see: climax; seral stage: potential natural community. 

Potential vegetation group (PVG). An aggregation of plant association 

groups (PAGs) with similar environmental regimes and dominant plant species. 

Each PVG includes PAGs representing a similar temperature or moisture influence 

(Powell et al. 2007). The focus of this white paper is Moist Upland Forest, a PVG 

characterized by relatively moderate temperature conditions and a moist or mesic 

moisture regime. 

Prescribed fire. Deliberate burning of wildland fuels in either a natural or 

modified state, and under specified environmental conditions, in order to confine the 

fire to a predetermined area, and to produce a fireline intensity and rate of spread 

meeting land management objectives (Powell et al. 2001). 

Productivity. The capacity of NFS lands and their ecological systems to provide 

the various renewable resources in certain amounts in perpetuity (USDA Forest 

Service 2012a). For this white paper, productivity is an ecological term, not an eco-

nomic term. 

Range of variation. A characterization of fluctuations in ecosystem conditions 

or processes over time; an analytical technique used to define the bounds of ecosys-

tem behavior that remain relatively consistent through time (Morgan et al. 1994). 

Values of composition, structure, or another attribute, and falling between upper 

and lower bounds determined for the attribute (Jennings et al. 2003), are said to be 

within the range of variation. Attributes whose values occur above the upper bound 
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are said to be ‘over-represented;’ attributes whose values are below the lower bound 

are said to be ‘under-represented’ (see fig. 68). Also see: reference conditions. 

Reburn. The repeat burning of an area over which a fire has previously passed, 

but has left unburnt fuel (Helms 1998). 

Reference conditions. A reference ecosystem or reference conditions can serve 

as a model for planning ecosystem restoration activities. In its simplest form, the 

reference is an actual site, its written description (such as historical accounts of a 

reference area), or both (Society for Ecological Restoration 2004). Reference condi-

tions also refer to a range of variation in ecological structures and processes, reflect-

ing recent evolutionary history and the dynamic interplay of biotic and abiotic fac-

tors. Reference conditions generally reflect ecosystem properties that are free of ma-

jor influence by Euro-American humans (Kaufmann et al. 1994). 

Resilience. Intrinsic properties allowing the fundamental functions of an eco-

system to persist in the presence of disturbance; the ‘bounce-back’ capability of a 

system to recover from disturbance. “Ecological resilience is the capacity of an eco-

system to absorb disturbance and undergo change while maintaining its essential 

functions, structures, identity, and feedbacks. Resilience is often synonymous with 

adaptive capacity, i.e., the ability of a system to reconfigure itself in the face of dis-

turbance or stresses without significant decreases in critical aspects such as produc-

tivity or composition” (Drever et al. 2006). Resilience recognizes that systems have a 

capacity to absorb disturbance, but this capacity has limits and when they are ex-

ceeded, the system may rapidly transition to a different state or developmental tra-

jectory (Gunderson et al. 2010). In a climate-change context, resilience is sometimes 

viewed as analogous to adaptation. 

Resistance. Resistance refers to the ability of an ecosystem to remain relatively 

unchanged in the face of external forces such as disturbance (pulse-type changes) or 

climate change. Resistance is sometimes viewed as being analogous to stability (Hol-

ling 1973), but in a climate-change context, it is often viewed as analogous to mitiga-

tion. 

Restoration. Holistic action taken to modify an ecosystem to achieve desired, 

healthy, and functioning conditions and processes. This term is generally used to 

refer to the process of enabling a system to resume acting, or continue to act, follow-

ing disturbance as if disturbance had not occurred (Powell et al. 2001). Restoration 

is the process of assisting the recovery of an ecosystem that has been degraded, 

damaged, or destroyed. Ecological restoration focuses on reestablishing the composi-

tion, structure, pattern, and ecological processes necessary to facilitate terrestrial 

and aquatic ecosystem sustainability, resilience, and health under current and fu-

ture conditions (USDA Forest Service 2012a). Two restoration approaches have been 

described: 

Active restoration: an approach involving implementation of active manage-

ment practices (prescribed fire, thinning, etc.) designed to restore appropriate 

composition, structure, or density conditions. 
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Passive restoration: an approach involving removal of stressors causing eco-

system degradation, such as cessation of fire suppression (exclusion) in fire-

dependent ecosystems (Rapp 2002b). 

Riparian areas. Three-dimensional ecotones of interaction between terrestrial 

and aquatic ecosystems extending down into the groundwater, up above the canopy, 

outward across the floodplain, up nearby side-slopes draining to the water, laterally 

into the terrestrial ecosystem, and along the water course at variable widths (USDA 

Forest Service 2012a). 

Riparian management zone (riparian habitat conservation areas). Por-

tions of a watershed where riparian-dependent resources receive primary emphasis, 

and for which plans include plan components to maintain or restore riparian func-

tions and ecological functions (USDA Forest Service 2012a). 

Risk. A combination of the likelihood that a negative outcome will occur (as re-

lated to susceptibility and vulnerability), and severity of the resulting negative con-

sequences (USDA Forest Service 2012a). Note that risk refers to an event with a 

known occurrence probability, whereas uncertainty refers to an event with an un-

known probability. 

Secondary forest succession. Succession occurring in an environment that 

has already been modified by a period of occupancy by living organisms. Secondary 

succession can be progressive (proceeding from an early stage to a later one) or ret-

rogressive (proceeding from a later stage back to an earlier one) (Hall et al. 1995). 

Forest clearcuts and abandoned agricultural fields are examples of environments 

undergoing secondary succession (Kimmins 1997). 

Seral stage. The identifiable stages in the development of a sere, from an initial 

pioneer stage, through various early and mid-seral stages, to late seral, subclimax, 

and climax stages. The stages are identified by different plant communities, differ-

ent ages of the dominant vegetation, and by different microclimatic, soil, and forest 

conditions (Kimmins 1997). Four seral stages are recognized (Hall et al. 1995): 

Early Seral: clear dominance of seral species (western larch, ponderosa pine, 

lodgepole pine, etc.); PNC species are absent or present in very low numbers. 

Mid Seral: PNC species are increasing in the forest composition as they actively 

colonize the site (or as they continue an ongoing developmental process); PNC 

species are approaching equal proportions with seral species. 

Late Seral: PNC species are now dominant, but long-lived early-seral species 

(ponderosa pine, western larch, etc.) may still persist in the plant community. 

Potential Natural Community (PNC): the biotic community that one pre-

sumes would be established and maintained over time under present environ-

mental conditions; early- and mid-seral species are scarce or absent in the plant 

composition. 

Severity. Proportion of the organic matter lost from the vegetation and surface 

soils due to disturbances (Chapin et al. 2002). 

Shade tolerance. The capacity of trees to grow satisfactorily in the shade of, 

and in competition with, other trees (Helms 1998). Also see: tolerance. 
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Shifting mosaic. Landscape in which patches differ in successional stage, but 

the landscape as a whole is at steady state (i.e., there is no directional change in the 

relative proportions of different successional stages or structure classes) (Chapin et 

al. 2002). 

Silvicultural prescription. A planned series of treatments designed to change 

current forest structure to one meeting the goals and objectives established for an 

area (Helms 1998). A prescription is a written statement or document defining the 

outcomes to be attained from silvicultural treatments; outcomes are generally ex-

pressed as acceptable ranges of the various indices being used to characterize forest 

development (Dunster and Dunster 1996). 

Silvicultural treatment. An activity, practice, or action that can be applied in 

a controlled manner, according to the specifications of a silvicultural prescription or 

forest plan, to improve actual or potential conditions or benefits (Hoffman et al. 

1999). 

Silviculture. Applying techniques or practices to manipulate forest vegetation 

by directing stand and tree development, and by creating or maintaining desired 

conditions. Silviculture is based on an ecosystem concept that emphasizes the need 

to evaluate the many abiotic and biotic factors influencing the choice and outcome of 

silvicultural treatments and their sequence over time, and the long-term conse-

quences and sustainability of management regimes. [Definition derived from multi-

ple sources.] 

Soil compaction. The process by which soil grains or particles are rearranged, 

resulting in a decrease in void space and causing closer contact with one another, 

thereby increasing bulk density (Helms 1998). 

Species diversity. Number, evenness, and composition of species in an ecosys-

tem; the total range of biological attributes of all species present in an ecosystem 

(Chapin et al. 2002). 

Stability. Ecosystem stability is the ability of an ecosystem to maintain its exist-

ing trajectory (pathway) in spite of stress; it denotes dynamic equilibrium rather 

than stasis. Stability is related to an ecosystem’s capacity for resistance and resili-

ence (SERI 2004). 

Stakeholders. Local community leaders, county governments, affected Ameri-

can Indian tribes, industrial organizations, local and national environmental organi-

zations, and involved citizens that have a keen interest, or stake, in what’s happen-

ing on public lands (Schmidt et al. 1993). 

Stewardship. Taking a long-term and integrated view of resource management 

– air, water, land, plants and animals – recognizing the dependent relationships of 

humans on the environment, and that environmental health is fundamental to eco-

nomic and human health (British Columbia Habitat Branch 2000). 

Stewardship harvest. Often, a tree harvest operation completed for reasons 

other than production of timber commodities (Powell et al. 2001). Stewardship har-

vest also involves situations where the timber volume to be removed by a silvicul-

tural treatment is insufficient to cover treatment costs (logging, transportation, etc.), 
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so a subsidy payment must be made (e.g., cash contributed) to make the project fi-

nancially viable. 

Stressors. Factors that may directly or indirectly degrade or impair ecosystem 

composition, structure, or ecological process in a manner that may impair its ecolog-

ical integrity, such as an invasive species, loss of connectivity, or the disruption of a 

natural disturbance regime (USDA Forest Service 2012a). 

Structural stage. A stage or recognizable condition that relates to the physical 

orientation and arrangement of vegetation; the size and arrangement (both vertical 

and horizontal) of trees and tree parts. The following structural stages have been 

described (O’Hara et al. 1996, Oliver and Larson 1996): 

Stand initiation: one canopy stratum of seedlings and saplings is present; 

grasses, forbs, and shrubs typically coexist with the trees. 

Stem exclusion: one canopy stratum comprised mostly of pole-sized trees (5-

8.9″ in diameter) is present. The canopy layer may be open (stem exclusion open 

canopy) on sites where moisture is limiting, or closed (stem exclusion closed can-

opy) on sites where light is a limiting resource. 

Young forest multi strata: three or more canopy layers are present; the size 

class of the uppermost stratum is typically small trees (9-20.9″ in diameter). 

Large trees may be absent or scarce. 

Understory reinitiation: two canopy strata are present the size class of the 

uppermost stratum is typically small trees (9-20.9″ in diameter). In this stage, a 

second tree layer is established under an older overstory. Overstory mortality 

created growing space for the establishment of understory trees. 

Old forest: a predominance of large trees (> 21″ in diameter) is present in a 

stand with one or more canopy strata. On warm dry sites with frequent, low-

intensity fires, a single stratum may be present (old forest single stratum). On 

cool moist sites without recurring underburns, multi-layer stands with large 

trees in the uppermost stratum may be present (old forest multi strata). 

Successional stage. A stage or recognizable condition of a plant community oc-

curring during its development from bare ground to climax. Determined using two 

main criteria: tree size class and stand age. Coniferous forests in the Blue Moun-

tains progress through six recognized stages, as defined below (Thomas 1979). 

Grass-forb: dominant vegetation is herbaceous (grasses, grass-like plants, and 

forbs); stand age: less than 10 years; downed logs are present but not decayed. 

Shrub-seedling: dominant vegetation is woody shrubs and/or tree seedlings; 

stand age: less than 10 years; downed logs are present but not decayed. 

Pole-sapling: dominated by trees in the sapling size class, pole size class, or 

both; stand age: 11-39 years; even-height canopy; logs on ground are beginning to 

decay. 

Young: dominated by trees that are no longer poles, but have not yet reached 

maturity; stand age: 40-79 years; self-thinning beginning; downed logs are mod-

erately decayed; understory vegetation is starting to reappear. 
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Mature: domination or predominance of mature, vigorous trees; stand age: 80-

159 years; self-thinning occurring; both decayed and undecayed logs are on the 

ground; some snags are present; understory vegetation is well established. 

Old Growth: a stand past full maturity and showing decadence – the last stage 

in forest succession; stand age: 160 years and greater; understory vegetation is 

well established; snags are present; heart rot and other signs of decadence are 

common; all tree sizes and ages represented to some extent; abundant decayed 

and undecayed logs on the ground. 

Surrogate species. These species are used to monitor the effects of change in 

other, less-common species (Eycott et al. 2007). 

Susceptibility. This term refers to the probability of an organism being infected 

or infested by another organism (trees affected by bark beetles, defoliators, etc.), as 

evaluated by using inherent or intrinsic forest characteristics (species composition, 

stand density, etc.). The terms susceptibility and hazard are often used interchange-

ably. Compare with: vulnerability. 

Sustainability. The capacity of forests, ranging from stands to ecoregions, to 

maintain their health, productivity, diversity, and overall integrity, in the long run, 

and in the context of human activity and use (Helms 1998). The capability to meet 

the needs of the present generation without compromising the ability of future gen-

erations to meet their needs (USDA Forest Service 2012a). 

Sustainable forest management. Active “management that maintains and 

enhances the long-term health of forest ecosystems for the benefit of all living things 

while providing environmental, economic, social, and cultural opportunities for pre-

sent and future generations” (Canadian Council of Forest Ministers 2008). 

Target species. Specific target species for research or action; generally refers to 

species identified for conservation action (Eycott et al. 2007). 

Thinning. A treatment designed to reduce tree density and thereby improve 

growth of the residual trees, enhance forest health, or recover potential mortality 

resulting from intertree competition. Two types of thinning are recognized – com-

mercial thinning where the trees being removed are large enough to have economic 

value, and noncommercial thinning where trees are too small to be sold for conven-

tional wood products, so the excess trees are cut and generally left on-site (Powell et 

al. 2001). 

Timber harvest. The removal of trees for wood fiber use and other multiple-use 

purposes (USDA Forest Service 2012a). 

Timber production. The purposeful growing, tending, harvesting, and regen-

eration of regulated crops of trees to be cut into logs, bolts, or other round sections 

for industrial or consumer use (USDA Forest Service 2012a). 

Tolerance. A forestry term expressing the relative ability of a plant (tree) to 

complete its life history, from seedling to adult, under the cover of a forest canopy 

and while experiencing competition with other plants (Harlow et al. 1996). In gen-

eral ecology usage, tolerance refers to the capacity of an organism or biological pro-

cess to subsist under a given set of environmental conditions. Note that the range of 
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conditions under which an organism can subsist, representing its limits of tolerance, 

is termed its ecological amplitude (Helms 1998). 

Traditional ecological knowledge. See: native knowledge. 

Umbrella species. These species are used to represent some of the needs of oth-

er species (Eycott et al. 2007). 

Undergrowth. Herbaceous and shrubby plants growing beneath a forest cano-

py; as used in this document, undergrowth does not include small trees such as seed-

lings or saplings. Compare with: understory. 

Understory. All of the vegetation growing under a forest overstory. In some ap-

plications, understory is only considered to be small trees (e.g., in a forest comprised 

of multiple canopy layers, the taller trees form the overstory, the shorter trees the 

understory); in other instances, understory is assumed to include herbaceous and 

shrubby plants in addition to trees. When understory is assumed to refer to trees 

only, other plants (herbs and shrubs) are often called an undergrowth to differenti-

ate between the two (Helms 1998). Compare with: undergrowth. 

Viable population. A population of a species that continues to persist over the 

long term with sufficient distribution to be resilient and adaptable to stressors and 

likely future environments (USDA Forest Service 2012a). 

Vulnerability. This term refers to the probability of tree or forest damage re-

sulting from an infection or infestation by damaging agents (such as bark beetles, 

defoliators, etc.). Susceptibility reflects the influence of forest or stand conditions 

(are lodgepole pines in a stand larger than 9 inches in diameter, which renders them 

susceptible to bark-beetle attack?), whereas vulnerability relates to whether damage 

will actually occur (is a mountain pine beetle population in close proximity to a 

lodgepole pine forest containing susceptible trees?). 

Watershed. A region or land area drained by a single stream, river, or drainage 

network; a drainage basin (USDA Forest Service 2012a). 

Wildfire. Any fire occurring on wildlands that is not meeting management ob-

jectives and thus merits a suppression response (Brenner 1998). 

Wildland-urban interface. Areas where human communities are built in prox-

imity to flammable fuels found in wildlands (Brenner 1998). 

Wood decay. The decomposition of wood by fungi and other microorganisms, re-

sulting in softening, progressive loss of strength and weight, and often changes in 

texture and color (Helms 1998). Terms associated with wood decay, and referenced 

in this white paper, are provided below (unless noted otherwise, term definitions 

provided by the USDA Forest Service, Forest Products Laboratory). 

Bluestain. A deepseated fungal discoloration, predominantly bluish in color but 

sometimes grey, black or brown, confined mostly to the sapwood. Bluestain does 

not cause a loss of structural strength (Doliner and Borden 1984). 

Brown rot. In wood, any decay in which the fungal attack concentrates on the 

cellulose and associated carbohydrates rather than on the lignin, which produces 

a light to dark brown friable residue known variously as ‘dry rot’ or ‘cubical rot’. 
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Heart rot. Any rot or decay characteristically confined to the heartwood portion 

of a tree stem. Heart rot generally originates in the living tree (such as rust-red 

stringy rot caused by the Indian paint fungus). 

Incipient decay. An early stage of tree decay that has not proceeded far enough 

to soften or otherwise perceptibly impair the hardness of wood. It is usually ac-

companied by a slight discoloration or bleaching of wood tissue. 

White rot. In wood, any decay or rot attacking both the cellulose and the lignin, 

producing a generally whitish residue that may be spongy or stringy rot, or occur 

as pocket rot (advanced decay appearing in the form of a hole or pocket). White 

rot tends to produce more complete decomposition of the wood, and its decay 

products are much shorter lived (in the soil) than decay products produced by 

brown rots. 
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APPENDIX  1:  POTENTIAL  VEGETATION  COMPOSITION 

The moist upland forest PVG includes moist mixed-conifer forests occurring in 

the upper montane vegetation zone (see fig. 3). Portions of three potential vegetation 

series (see fig. 4) are represented in the moist upland forest PVG – subalpine fir, 

grand fir, and Douglas-fir. Note that lodgepole pine and quaking aspen plant com-

munity types, representing successional (non-climax) stages of a plant association, 

are also common in the moist upland forest PVG – eight lodgepole pine and two as-

pen types are included in the list below (table 27). 

Many users of the Blue Mountains potential vegetation classification system 

(Powell et al. 2007) have questioned the inclusion of subalpine fir plant associations 

in the moist upland forest PVG. These users generally assume that any subalpine fir 

type must occur in the subalpine vegetation zone (see fig. 3) and in the cold upland 

forest PVG. In response to these questions or concerns, a separate section was added 

to this white paper specifically to address their questions and concerns. It is includ-

ed in the Ecological Setting section (section 2), specifically a sub-section called Moist 

Forest Classification Concepts in section 2.1 (see page 10). 

Prime examples of moist forest in the northern Blue Mountains are associated 

with Level IV ecoregion unit 11c, the Maritime-Influenced Zone (fig. 91). 

 
Figure 91 – Level IV ecoregions of the Blue Mountains. 
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Table 27: Potential vegetation type (PVT) codes and names, and plant association group 

(PAG) assignments, for the moist upland forest potential vegetation group (PVG).1 

PVT Code PVT Name PAG 

ABGR/ACGL grand fir/Rocky Mountain maple warm very moist 

ABGR/ACGL-PHMA grand fir/Rocky Mountain maple-mallow ninebark warm moist 

ABGR/BRVU grand fir/Columbia brome warm moist 

ABGR/CLUN grand fir/queencup beadlily cool moist 

ABGR/GYDR grand fir/oakfern cool very moist 

ABGR/LIBO2 grand fir/twinflower cool moist 

ABGR/POMU-ASCA3 grand fir/swordfern-ginger cool very moist 

ABGR/TABR2/CLUN grand fir/Pacific yew/queencup beadlily cool wet 

ABGR/TABR2/LIBO2 grand fir/Pacific yew/twinflower cool wet 

ABGR/TRCA grand fir/false bugbane cool very moist 

ABGR/VAME grand fir/big huckleberry cool moist 

ABGR/VASC-LIBO2 grand fir/grouse huckleberry-twinflower cool moist 

ABGR-CHNO/VAME grand fir-Alaska yellow cedar/big huckleberry cool moist 

ABLA2/ARCO subalpine fir/heartleaf arnica cool moist 

ABLA2/CLUN subalpine fir/queencup beadlily cool moist 

ABLA2/LIBO2 subalpine fir/twinflower cool moist 

ABLA2/STAM subalpine fir/claspleaf twistedstalk cool wet 

ABLA2/TRCA subalpine fir/false bugbane cool moist 

ABLA2/VAME subalpine fir/big huckleberry cool moist 

ABLA-PIEN/ARCO9 subalpine fir-Engelmann spruce/heartleaf arnica cool moist 

ABLA-PIEN/CLUN2 subalpine fir-Engelmann spruce/queencup beadlily cool moist 

ABLA-PIEN/LIBO3 subalpine fir-Engelmann spruce/twinflower cool moist 

ABLA-PIEN/TRCA subalpine fir-Engelmann spruce/false bugbane cool moist 

PICO(ABGR)/ALSI lodgepole pine(grand fir)/Sitka alder cool very moist 

PICO(ABGR)/LIBO2 lodgepole pine(grand fir)/twinflower cool moist 

PICO(ABGR)/VAME lodgepole pine(grand fir)/big huckleberry cool moist 

PICO(ABGR)/VAME/CARU lodgepole pine(grand fir)/big huckleberry/pinegrass cool moist 

PICO(ABGR)/VAME/PTAQ lodgepole pine(grand fir)/big huckleberry/bracken fern cool moist 

PICO(ABGR)/VAME-LIBO2 lodgepole pine(grand fir)/big huckleberry-twinflower cool moist 

PICO(ABLA2)/VAME lodgepole pine(subalpine fir)/big huckleberry cool moist 

PICO(ABLA2)/VAME/CARU lodgepole pine(subalpine fir)/big huckleberry/pinegrass cool moist 

POTR5/CAGE2 quaking aspen/elk sedge cool very moist 

POTR5(ABGR)/HODI quaking aspen(grand fir)/oceanspray warm moist 

PSME/ACGL-PHMA Douglas-fir/Rocky Mountain maple-mallow ninebark warm moist 

PSME/ACGL-SYOR Douglas-fir/Rocky Mountain maple-mtn. snowberry warm moist 

PSME/HODI Douglas-fir/oceanspray warm moist 

1 Potential vegetation type codes and names, and plant association group assignments, were taken from 

Powell et al. (2007) except for the aspen community types, which came from Swanson et al. (2010). 

The  landscape classification  portrayed in figure 91 is based on a system devel-

oped by the Environmental Protection Agency (Omernik 1995). Unlike other sys-

tems, the Omernik approach uses only one classification unit – the ecoregion, with 

scale-based distinctions based on different hierarchical levels. To reach the Blue 

Mountains hierarchical level, here is the progression: Level I is unit 6.0: Northwest-
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ern Forested Mountains (this broad unit stretches from Alaska and the Yukon to 

New Mexico). Level II is unit 6.2: Western Cordillera (ranging from British Colum-

bia to New Mexico). Level III is unit 6.2.9: Blue Mountains, extending from west-

central Idaho (adjoining the Idaho Batholith and Northern Rockies ecoregions) to 

the Cascade Mountains (adjoining the Eastern Cascades Slopes and Foothills ecore-

gion). Level IV units are shown in figure 91, and summarized here: 

Unit Description 

11a John Day/Clarno Uplands: semi-arid foothills and low mountains sur-

rounding western perimeter of the Blue Mountains. 

11b John Day/Clarno Highlands: dissected hills and low mountains sup-

porting western ponderosa pine forest with a grass and shrub under-

growth. 

11c Maritime-Influenced Zone: portion of Blue Mountains that directly in-

tercepts marine weather systems moving east through the Columbia 

River gorge. 

11d Mélange: dissected, mid-elevation mountains with a complex geology 

typical of mélange formations. 

11e Wallowas/Seven Devils Mountains: deeply dissected mountains in the 

Wallowa and Seven Devils ranges. 

11f Canyons and Dissected Highlands: steeply sloping, upper river can-

yons and dissected plateaus in the rain shadow of the mountains. 

11g Canyons and Dissected Uplands: deep river canyons and dissected 

plateaus at an elevation of 1,000 to 5,000 feet. 

11h Continental Zone Highlands: moderately dissected, mountainous vol-

canic plateau with scattered cinder cones at an elevation of 4,000 to 

6,700 feet. 

11i Continental Zone Foothills: foothills, hills, and scattered buttes lying 

between the Blue and Wallowa mountains and the northwestern 

Snake River plain. 

11k Blue Mountain Basins: flat to rolling alluvial valleys containing flood-

plains, fluvial terraces, and scattered buttes in the Wallowa, Grande 

Ronde, and Baker valleys. 

11l Mesic Forest Zone: dissected volcanic plateau and mid-elevation 

mountains containing the highest forested areas in the Blue Moun-

tains, western Wallowa Mountains, and western Seven Devils Moun-

tains. 

11m Subalpine-Alpine Zone: high-elevation, glaciated mountains with are-

tes, cirques, and tarns. 

11n Deschutes River Valley: broad valley with deeply incised streams. 

11o Cold Basins: cold, wet valleys and basins, and wet meadows, at an el-

evation of 3,600 to 6,000 feet. 

Note: Descriptions taken from “Blue Mountains (ecoregion)” article: 

http://en.wikipedia.org/wiki/Blue_Mountains_(ecoregion) (1/4/2014) 

http://en.wikipedia.org/wiki/Blue_Mountains_(ecoregion)
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The Blue Mountains ecoregion unit has been divided into subregions or zones 

(Clarke and Bryce 1997). Good examples of moist forest in the northern Blue Moun-

tains occur in the maritime-influenced zone and the mesic forest zone (fig. 91), both 

of which are influenced to a greater or lesser extent by marine weather systems 

moving east from the Pacific Ocean and through a low break in the Cascade Moun-

tains – the Columbia River gorge (Mock 1996). 

At a level below the maritime-influenced or mesic-forest zones, a typical moist-

forest stand in the northern Blue Mountains (app. elevation 3,850 feet) occupies the 

plateau variant (instead of the canyons and dissected highlands variant). The plat-

eau variant tends to have deep ash- or loess-dominated soils because they have been 

able to persist on flat, rolling, and north-facing slope positions (on other slope posi-

tions, natural erosion processes have often removed the ash). The soil temperature 

regime of the plateau variant is frigid, but the soil moisture regime is udic (moist). 

At slightly higher elevations to the east of this example stand (above 4,000 feet ele-

vation), the soil temperature regime becomes colder in the cryic range. 

One reason for delineation of a mesic-forest zone is the presence of a soil ash lay-

er above the Columbia River basalt parent material. Because the Blue Mountains 

ecoregion is located south of the Columbia Plateau ecoregion, much of the fine-tex-

tured (‘ashy’) material is actually wind-deposited loess originating from glacial activ-

ity or glacial Lake Missoula flood events occurring in or near the Columbia Plateau 

in eastern Washington. When ash is abundant (rather than loess), it is typically de-

rived from Mount Mazama (Crater Lake) eruptions in southwestern Oregon, but 

Glacier Peak ash from northeastern Washington is also found (Fryxell 1965). 

At this point, we have arrived hierarchically at the level of a typical moist-forest 

stand, located in the plateau variant of either the maritime-influenced or mesic for-

est zones (instead of canyons and dissected highlands, a variant generally found on 

steeper side slopes lacking deep, fine-textured soil mantles). Our example stand has 

even or gently rolling landforms, and slope gradients seldom exceeding 20 percent, 

with much of the stand being either flat or having slope gradients of 5% or less (if 

slopes greatly exceeded 20%, then the stand would be assigned to the canyons and 

dissected highlands variant). The stand’s lack of topographic variation results in its 

ecological gradients being gradual and continuous, rather than abrupt and exhibit-

ing sharply defined boundaries. 

For a typical moist-forest stand in the northern Blue Mountains, here is the hi-

erarchical progression, moving downward from the broadest unit to the finest unit: 

Northwestern Forested Mountains 

Western Cordillera 

Blue Mountains 

Maritime-Influenced Zone 

Plateau Variant 

 Moist Upland Forest Stand 
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APPENDIX  2:  REGENERATION  MONITORING  RESULTS 

This appendix provides regeneration monitoring results for moist upland forests 

of the Umatilla National Forest (Table 28). It summarizes tree density (stems per 

acre), by species as grouped by seral status, for 102 plots established in plantations 

located on the Moist Upland Forest potential vegetation group (94 plots are Man-

aged Stand Survey installations; 8 plots were established during a Forest Plan re-

view of regeneration results). The Sources/Notes section at the end of the table pro-

vides additional information about the origin of this data. 

Plots are grouped hierarchically – first by plant association (mean values are 

provided for each association), and second by potential vegetation group (mean val-

ues are provided for the Moist Upland Forest PVG overall). 

This table provides monitoring information to inform moist-forest prescriptions 

for tree planting (reforestation). Planting is one of the highest-cost activities in the 

vegetation management realm – when considering both internal costs (contract ad-

ministration, seed procurement, etc.) and external costs (service contract, seedlings, 

etc.), total planting costs often run from $300 to $500 per acre. 

As budgetary resources continue to decline in the future, it is important to con-

sider reforestation options that could be implemented at lower cost. The regenera-

tion monitoring data presented here demonstrates that moist forest sites tend to 

support abundant amounts of natural regeneration, and that much of the regenera-

tion has relatively high levels of species diversity. 

When considering the Moist Upland Forest PVG as a whole (see “Mean: Moist 

Upland Forest PVG” row at bottom of table 28), true firs have the highest average 

density levels (subalpine fir averaged 668 stems per acre and grand fir averaged 650 

stems per acre). High amounts of true fir regeneration are not surprising because its 

seed rain and seedling frequency are known to be up to an order of magnitude high-

er than for pines, larch, and other early-seral tree species (Zald et al. 2008). There-

fore, ‘fir be gone’ prescriptions designed to specifically reduce the representation of 

true firs can be justified as a counterbalance their regeneration proficiency. 

The National Forest Management Act of 1976 (P.L. 94-588) (NFMA) states that 

when trees are cut to achieve timber production objectives, the cuttings shall be 

made in such a way that “there is assurance that such lands can be adequately re-

stocked within 5 years after harvest” (sec. 6, (g), (3), (E), (ii)). Although this state-

ment has been interpreted in various ways, it does not mean that reforestation (tree 

planting) must occur within 5 years of timber harvest (Watrud et al. 2012). 

The NFMA statement quoted above means that we should not harvest areas 

where previous experience suggests that restocking will generally not occur in 5 

years, regardless of whether the stocking is derived from natural regeneration, tree 

planting, or both. 
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An interest in prompt reforestation following harvest is also expressed in other 

language from NFMA: “Sec. 3 (d) (1) It is the policy of the Congress that all forested 

lands in the National Forest System be maintained in appropriate forest cover with 

species of trees, degree of stocking, rate of growth, and conditions of stand designed 

to secure the maximum benefits of multiple use sustained yield management in ac-

cordance with land management plans.” 

The Forest Service has defined appropriate forest cover as “vegetation composed 

of plant communities, which would occur naturally on similar sites depending upon 

the stage of plant succession. Forbs, grasses, and shrubs in their proper ratios are 

also elements of forest cover” (FSM 2470, section 2472.05 – Definitions). This inter-

pretation of appropriate forest cover is well aligned with recent science highlighting 

the ecological importance of early-successional stages (Swanson et al. 2011). 

I recommend that tree planting be considered as a post-harvest activity for moist 

upland forest receiving a regeneration cutting method, but it should be informed by 

the regeneration monitoring results presented in table 28. Those results suggest 

that natural regeneration is often abundant on moist upland forest sites, but that 

most of it is comprised of late-seral tree species. Therefore, tree planting could be 

prescribed to establish an ecologically appropriate forest cover, which is defined as a 

proper mix of early- and mid-seral tree species in the context of an early stage of 

plant succession (Swanson et al. 2011). 

Note that tree planting recommendations are provided, by plant association 

group, in table 25 of this white paper. 

Forest Vegetation Simulator (FVS) Regeration Modeling Considerations  

None of the Pacific Northwest variants of FVS contain a regeneration establish-

ment model. If they did, FVS would periodically interject ‘background’ levels of nat-

ural regeneration (e.g., ingrowth), and the composition and amount of regeneration 

would vary with a stand’s plant association code (e.g., assumptions about periodic 

ingrowth would vary by plant association). 

For most areas of Pacific Northwest, relatively high levels of background in-

growth are a fact of life, and they should be reflected in growth-and-yield simula-

tions. Since the Blue Mountains variant of FVS is not interjecting ingrowth auto-

matically, we need to add it manually by using either the ‘natural’ or ‘plant’ key-

words. The regeneration monitoring results presented in this appendix provide a 

reasonable basis for formulating credible ingrowth scenarios for moist upland forest 

of the northern Blue Mountains (Umatilla National Forest). 

[Note: The Managed Stand Survey (MSS) process was initiated in the late 1980s. 

Initial installations (1-acre plots) were installed in young, managed stands through-

out the Pacific Northwest Region. One reason for initiating the MSS program was to 

obtain long-term information about ingrowth and young-stand development, and 

then use it to calibrate FVS. Unfortunately, the MSS plots were never remeasured.] 
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Table 28: Regeneration monitoring results for moist upland forests of the Umatilla National Forest. 

Plot 

Plant 

Association PAG WJ PP LP WL 

Early 

Seral DF WP 

Mid 

Seral ES GF SF 

Late 

Seral 

Other 

Spp Total 

 
 

 
<――――――――  All values in these columns are Trees per Acre  ――――――――>  

2778 GF/ACGL WVM 
 

52 
 

47 99 40 
 

40 
 

185 
 

185 
 

324 

2832 GF/ACGL WVM 
 

24 
 

64 88 31 
 

31 
 

309 
 

309 
 

428 

 
Mean: GF/ACGL 

  
38 

 
56 94 36 

 
36 

 
247 

 
247 

 
376 

2753 GF/CLUN ClM 
 

141 
 

29 170 
   

624 213 
 

837 
 

1007 

2755 GF/CLUN ClM 
 

152 81 53 286 191 
 

191 64 2051 
 

2115 
 

2592 

2756 GF/CLUN ClM 
 

41 
  

41 44 
 

44 12 148 
 

160 
 

245 

2757 GF/CLUN ClM 
  

4 40 44 92 
 

92 192 237 
 

429 20 585 

2758 GF/CLUN ClM 
 

64 
 

20 84 60 
 

60 277 1299 
 

1576 
 

1720 

2768 GF/CLUN ClM 
 

79 
 

91 170 8 
 

8 
 

157 
 

157 4 339 

2785 GF/CLUN ClM 
   

4 4 
   

120 536 
 

656 
 

660 

2798 GF/CLUN ClM 
 

16 8 80 104 
   

928 1605 68 2601 
 

2705 

2822 GF/CLUN ClM 
   

20 20 4 
 

4 1095 407 
 

1502 
 

1526 

2827 GF/CLUN ClM 
   

321 321 199 44 243 969 1924 
 

2893 40 3497 

2828 GF/CLUN ClM 
     

20 
 

20 20 556 
 

576 
 

596 

 
Mean: GF/CLUN 

  
82 31 73 124 77 44 83 430 830 68 1227 21 1407 

2010 GF/LIBO2 ClM 20 20 80 804 924 144 
 

144 517 941 
 

1458 
 

2526 

2017 GF/LIBO2 ClM 
 

20 408 108 536 28 
 

28 545 425 
 

970 
 

1534 

2254 GF/LIBO2 ClM 
 

131 
 

4 135 40 
 

40 28 200 
 

228 
 

403 

2257 GF/LIBO2 ClM 
  

581 20 601 560 
 

560 
 

1324 
 

1324 
 

2485 

2258 GF/LIBO2 ClM 
 

97 84 8 189 180 
 

180 
 

100 
 

100 
 

469 

2261 GF/LIBO2 ClM 
 

119 28 160 307 255 
 

255 
 

1163 
 

1163 
 

1725 

2263 GF/LIBO2 ClM 
   

4 4 44 
 

44 4 433 
 

437 
 

485 

2268 GF/LIBO2 ClM 
 

336 717 
 

1053 64 
 

64 60 915 
 

975 
 

2092 

2512 GF/LIBO2 ClM 
 

20 413 1087 1520 283 
 

283 
 

492 
 

492 
 

2295 

2529 GF/LIBO2 ClM 
  

1212 47 1259 104 
 

104 
 

2319 
 

2319 
 

3682 

2533 GF/LIBO2 ClM 
 

8 915 184 1107 177 
 

177 
 

4349 
 

4349 
 

5633 

2750 GF/LIBO2 ClM 
 

57 32 157 246 20 
 

20 
 

88 
 

88 
 

354 

2759 GF/LIBO2 ClM 
   

20 20 
   

85 83 
 

168 
 

188 

2760 GF/LIBO2 ClM 
 

68 1004 172 1244 84 
 

84 697 1191 
 

1888 
 

3216 
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Plot 

Plant 

Association PAG WJ PP LP WL 

Early 

Seral DF WP 

Mid 

Seral ES GF SF 

Late 

Seral 

Other 

Spp Total 

 
 

 
<――――――――  All values in these columns are Trees per Acre  ――――――――>  

2763 GF/LIBO2 ClM 
   

967 967 44 
 

44 665 201 
 

866 
 

1877 

2775 GF/LIBO2 ClM 
   

8 8 
   

72 232 
 

304 
 

312 

2783 GF/LIBO2 ClM 
   

56 56 80 
 

80 600 779 
 

1379 
 

1515 

2784 GF/LIBO2 ClM 
   

8 8 32 
 

32 164 144 
 

308 
 

348 

2786 GF/LIBO2 ClM 
 

20 
 

108 128 104 
 

104 567 1117 
 

1684 
 

1916 

2818 GF/LIBO2 ClM 
 

195 4 4 203 328 
 

328 400 1145 
 

1545 
 

2076 

2824 GF/LIBO2 ClM 
  

8 44 52 84 
 

84 36 1224 
 

1260 
 

1396 

2825 GF/LIBO2 ClM 
 

27 24 224 275 39 20 59 95 1631 
 

1726 
 

2060 

2829 GF/LIBO2 ClM 
 

16 33 25 74 76 
 

76 4 428 
 

432 4 586 

UMA11 GF/LIBO2 ClM 
 

129 86 386 601 
        

601 

UMA13 GF/LIBO2 ClM 
 

120 20 200 340 30 
 

30 10 10 
 

20 
 

390 

UMA14 GF/LIBO2 ClM 
 

240 40 100 380 150 
 

150 
     

530 

UMA16 GF/LIBO2 ClM 
 

75 13 6 94 6 
 

6 88 13 
 

101 
 

201 

UMA2 GF/LIBO2 ClM 
 

155 70 
 

225 40 
 

40 
     

265 

UMA9 GF/LIBO2 ClM 
 

50 160 120 330 40 
 

40 90 30 
 

120 
 

490 

 
Mean: GF/LIBO2 

 
20 95 282 186 444 117 20 118 249 807 

 
989 4 1436 

2752 GF/TABR/CLUN ClW 
   

12 12 
   

276 571 
 

847 44 903 

2754 GF/TABR/CLUN ClW 
   

75 75 4 
 

4 204 184 
 

388 4 471 

2764 GF/TABR/CLUN ClM 
     

20 
 

20 47 71 
 

118 28 166 

2765 GF/TABR/CLUN ClM 
 

43 
 

4 47 52 
 

52 180 221 
 

401 884 1384 

2767 GF/TABR/CLUN ClM 
 

24 
 

107 131 225 
 

225 541 1535 
 

2076 1000 3432 

2769 GF/TABR/CLUN ClM 
 

52 
  

52 16 
 

16 40 739 
 

779 456 1303 

2770 GF/TABR/CLUN ClM 
 

227 
 

60 287 
    

848 
 

848 80 1215 

2788 GF/TABR/CLUN ClM 
 

40 20 184 244 72 
 

72 68 627 
 

695 
 

1011 

2789 GF/TABR/CLUN ClM 
        

100 257 
 

357 16 373 

 
Mean: GF/TABR/CLUN 

 
77 20 74 121 65 

 
65 182 561 

 
723 314 1140 

2800 GF/TRCA3 CVM 
 

21 
 

11 32 24 
 

24 28 673 20 721 
 

777 

2837 GF/TRCA3 CVM 
  

53 
 

53 80 
 

80 147 712 
 

859 
 

992 

 
Mean: GF/TRCA3 

  
21 53 11 43 52 

 
52 88 693 20 790 

 
885 

2256 GF/VAME ClM 
 

360 20 20 400 80 
 

80 100 980 
 

1080 
 

1560 
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Plot 

Plant 

Association PAG WJ PP LP WL 

Early 

Seral DF WP 

Mid 

Seral ES GF SF 

Late 

Seral 

Other 

Spp Total 

 
 

 
<――――――――  All values in these columns are Trees per Acre  ――――――――>  

2262 GF/VAME ClM 
 

35 180 24 239 1432 
 

1432 985 2721 20 3726 
 

5397 

2267 GF/VAME ClM 
  

16 72 88 97 
 

97 273 109 60 442 
 

627 

2269 GF/VAME ClM 
 

399 204 20 623 364 8 372 500 1720 20 2240 
 

3235 

2272 GF/VAME ClM 
 

19 68 11 98 444 
 

444 224 1875 
 

2099 
 

2641 

2273 GF/VAME ClM 
  

148 4 152 100 
 

100 1124 1127 112 2363 
 

2615 

2516 GF/VAME ClM 
  

60 63 123 168 
 

168 12 737 
 

749 
 

1040 

2532 GF/VAME ClM 
 

60 2484 40 2584 149 
 

149 
 

601 
 

601 
 

3334 

2751 GF/VAME ClM 
 

124 28 40 192 124 
 

124 60 377 
 

437 
 

753 

2761 GF/VAME ClM 
 

153 
  

153 16 
 

16 4 36 
 

40 
 

209 

2762 GF/VAME ClM 
 

23 
  

23 
    

213 
 

213 40 276 

2766 GF/VAME ClM 
 

59 
 

72 131 147 
 

147 4 516 
 

520 
 

798 

2771 GF/VAME ClM 
 

247 
 

4 251 33 
 

33 88 680 
 

768 240 1292 

2774 GF/VAME ClM 
 

160 
 

24 184 64 
 

64 332 1639 
 

1971 40 2259 

2787 GF/VAME ClM 
   

269 269 87 
 

87 532 665 
 

1197 
 

1553 

2795 GF/VAME ClM 
 

204 
 

7 211 55 
 

55 112 1024 
 

1136 
 

1402 

2816 GF/VAME ClM 
  

333 557 890 24 
 

24 1059 239 
 

1298 
 

2212 

2820 GF/VAME ClM 
  

963 
 

963 
   

60 1260 
 

1320 
 

2283 

2826 GF/VAME ClM 
 

140 
 

73 213 120 
 

120 
 

209 
 

209 
 

542 

2830 GF/VAME ClM 
 

131 20 1209 1360 43 
 

43 20 87 
 

107 
 

1510 

2833 GF/VAME ClM 
 

39 
 

24 63 
   

4 88 4 96 
 

159 

2834 GF/VAME ClM 
 

77 
 

11 88 8 
 

8 44 181 
 

225 
 

321 

2835 GF/VAME ClM 
 

4 
 

4 8 53 
 

53 108 729 
 

837 
 

898 

 
Mean: GF/VAME 

  
131 377 127 405 180 8 181 282 774 43 1029 107 1605 

2019 GF/VASC-LIBO2 ClM 
 

27 
 

120 147 60 
 

60 176 736 
 

912 8 1127 

UMA12 GF/VASC-LIBO2 ClM 
 

150 30 10 190 50 20 70 
 

30 
 

30 
 

290 

 
Mean: GF/VASC-LIBO2 

 
89 30 65 169 55 20 65 176 383 

 
471 8 709 

2264 SF/VAME ClM 
  

65 
 

65 68 
 

68 504 60 1096 1660 
 

1793 

2265 SF/VAME ClM 
  

168 
 

168 4 
 

4 1083 1020 1424 3527 
 

3699 

2266 SF/VAME ClM 
  

343 35 378 64 
 

64 124 319 1299 1742 
 

2184 

2270 SF/VAME ClM 
  

4 8 12 
   

103 
 

345 448 
 

460 
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Plot 

Plant 

Association PAG WJ PP LP WL 

Early 

Seral DF WP 

Mid 

Seral ES GF SF 

Late 

Seral 

Other 

Spp Total 

 
 

 
<――――――――  All values in these columns are Trees per Acre  ――――――――>  

2271 SF/VAME ClM 
 

40 120 216 376 20 
 

20 1228 371 1287 2886 
 

3282 

2773 SF/VAME ClM 
  

75 
 

75 
   

563 204 591 1358 
 

1433 

2776 SF/VAME ClM 
 

8 28 
 

36 
   

349 4 169 522 
 

558 

2777 SF/VAME ClM 
  

32 
 

32 
   

587 20 2240 2847 
 

2879 

2782 SF/VAME ClM 
  

8 8 16 
   

265 20 1641 1926 
 

1942 

2790 SF/VAME ClM 
 

4 643 108 755 
   

1348 
 

2091 3439 
 

4194 

2791 SF/VAME ClM 
 

4 247 28 279 
   

1376 420 404 2200 
 

2479 

2792 SF/VAME ClM 
 

8 863 4 875 40 
 

40 708 120 248 1076 
 

1991 

2793 SF/VAME ClM 
 

8 72 
 

80 
   

173 60 136 369 
 

449 

2794 SF/VAME ClM 
  

231 
 

231 
   

144 
 

52 196 
 

427 

2796 SF/VAME ClM 
 

4 92 36 132 
   

236 744 235 1215 
 

1347 

2797 SF/VAME ClM 
 

36 128 52 216 
   

1672 20 1419 3111 
 

3327 

2799 SF/VAME ClM 
  

8 52 60 
   

595 904 800 2299 
 

2359 

2801 SF/VAME ClM  8 152 4 164    183 468 1084 1735  1899 

2802 SF/VAME ClM   24 8 32 24  24 264 227 656 1147  1203 

2803 SF/VAME ClM   168 28 196    540 120 873 1533  1729 

2817 SF/VAME ClM   12 119 131    585  1045 1630  1761 

2819 SF/VAME ClM    4 4    65 40 353 458  462 

2821 SF/VAME ClM  153 320 120 593 20  20 2537 360 509 3406  4019 

UMA10 SF/VAME ClM   1020 60 1080      420 420  1500 

 Mean: SF/VAME   27 210 52 249 34  34 662 290 851 1715  1974 

 Mean: Moist Upland Forest PVG 20 88 250 117 312 112 23 113 382 650 668 1147 182 1526 

Sources/Notes: Plot includes two types of plots: numbers refer to plots from the Managed Stand Survey (MSS), which is a plot-based 

system (a 5-point plot cluster covering about 1 acre) installed in 1990 in young, managed stands with an average diameter of 3 inches 

or more. Plots beginning with UMA were part of a Forest-wide reforestation monitoring effort completed in 1994 (16 plots installed in 

randomly selected reforestation units across the Umatilla National Forest; see Powell 1995). Plant association is an acronym consist-

ing of a 2-digit tree species (GF = grand fir; SF = subalpine fir) and a 4- or 5-digit understory species code (ACGL = Rocky Mountain 

maple; CLUN = queencup beadlily; LIBO2 = twinflower; TABR = Pacific yew; TRCA3 = false bugbane; VAME = big huckleberry; VASC 

= grouse huckleberry). PAG refers to plant association group (ClVM is cool very moist; ClM is cool moist; WVM is warm very moist; 

see Powell et al. 2007). Columns are provided for individual tree species (in addition to the species codes already mentioned, WJ = 

western juniper; PP = ponderosa pine; LP = lodgepole pine; WL = western larch; DF = Douglas-fir; WP = western white pine; ES = 
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Engelmann spruce). Early Seral is the sum of the preceding four species columns; Mid Seral is the sum of the preceding two col-

umns; Late Seral is the sum of the preceding three columns; other species includes Pacific yew, hawthorn, willow, and paper birch. 

Total is a summed tree density value, as trees per acre, for the individual species columns. Note: tree density values include total tree 

stocking, including three categories of trees: (1) trees established by out-planting (e.g., trees originating as nursery-produced seed-

lings), (2) trees established as natural regeneration (trees originating from natural seeding occurring after timber harvest or another 

disturbance), and (3) trees present before the disturbance process (including ‘advance’ regeneration and mature trees from the previ-

ous stand that survived the disturbance process). Note that Mean values are presented for each plant association, and at the end of the 

table for the Moist Upland Forest PVG as a whole. They were calculated in such a way that plots where a tree species or seral stage 

did not occur (there is a blank in the species or seral stage column) were not included in the calculation (in other words, blanks were 

not treated as zero values when calculating the Mean values). 
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APPENDIX  3:  SILVICULTURE  WHITE  PAPERS 

White papers are internal reports, and they are produced with a consistent for-

matting and numbering scheme – all papers dealing with Silviculture, for example, 

are placed in a silviculture series (Silv) and numbered sequentially. Generally, white 

papers receive only limited review and, in some instances pertaining to highly tech-

nical or narrowly focused topics, the papers may receive no technical peer review at 

all. For papers that receive no review, the viewpoints and perspectives expressed in 

the paper are those of the author only, and do not necessarily represent agency posi-

tions of the Umatilla National Forest or the USDA Forest Service. 

Large or important papers, such as two papers discussing active management 

considerations for dry and moist forests (white papers Silv-4 and Silv-7, respective-

ly), receive extensive review comparable to what would occur for a research station 

general technical report (but they don’t receive blind peer review, a process often 

used for journal articles). 

White papers are designed to address a variety of objectives: 

(1) They guide how a methodology, model, or procedure is used by practitioners on 

the Umatilla National Forest (to ensure consistency from one unit, or project, to 

another). 

(2) Papers are often prepared to address ongoing and recurring needs; some papers 

have existed for more than 20 years and still receive high use, indicating that the 

need (or issue) has long standing – an example is white paper #1 describing the 

Forest’s big-tree program, which has operated continuously for more than 25 

years. 

(3) Papers are sometimes prepared to address emerging or controversial issues, such 

as management of moist forests, elk thermal cover, or aspen forest in the Blue 

Mountains. These papers help establish a foundation of relevant literature, con-

cepts, and principles, and they continuously evolve as an issue matures, experi-

encing many iterations (versions) through time. [But also note that some papers 

have not changed since their initial development, in which case they reflect his-

torical concepts or procedures.] 

(4) Papers synthesize science viewed as particularly relevant to geographical and 

management contexts for the Umatilla National Forest. This is considered to be 

the Forest’s self-selected ‘best available science’ (BAS), realizing that non-agency 

commenters would generally have a different perception of what constitutes BAS 

– like beauty, BAS is in the eye of the beholder. 

(5) The objective of some papers is to locate and summarize the science germane to a 

particular topic or issue, including obscure sources such as master’s theses or 

Ph.D. dissertations. In other instances, a paper may be designed to wade through 

an overwhelming amount of published science (dry-forest management), and 

then synthesize sources viewed as being most relevant to a local context. 
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(6) White papers function as a citable literature source for methodologies, models, 

and procedures used during environmental analysis – by citing a white paper, 

specialist reports can include less verbiage describing analytical databases, tech-

niques, and so forth, some of which change little (if at all) from one planning ef-

fort to another. 

(7) White papers are often used to describe how a map, database, or other product 

was developed. In this situation, the white paper functions as a ‘user’s guide’ for 

the new product. Examples include papers dealing with historical products: (a) 

historical fire extents for the Tucannon watershed (WP Silv-21); (b) an 1880s 

map developed from General Land Office survey notes (WP Silv-41); and (c) a de-

scription of historical mapping sources (24 separate items) available from the 

Forest’s history website (WP Silv-23). 

These papers are available from the Forest’s website: Silviculture White Papers 

Paper # Title 

1 Big tree program 

2 Description of composite vegetation database 

3 Range of variation recommendations for dry, moist, and cold forests 

4 Active management of dry forests in the Blue Mountains: silvicultural 

considerations 

5 Site productivity estimates for upland forest plant associations of the Blue 

and Ochoco Mountains 

6 Fire regimes of the Blue Mountains 

7 Active management of moist forests in the Blue Mountains: silvicultural 

considerations 

8 Keys for identifying forest series and plant associations of the Blue and 

Ochoco Mountains 

9 Is elk thermal cover ecologically sustainable? 

10 A stage is a stage is a stage…or is it? Successional stages, structural stag-

es, seral stages 

11 Blue Mountains vegetation chronology 

12 Calculated values of basal area and board-foot timber volume for existing 

(known) values of canopy cover 

13 Created openings: direction from the Umatilla National Forest land and 

resource management plan 

14 Description of EVG-PI database 

15 Determining green-tree replacements for snags: a process paper 

16 Douglas-fir tussock moth: a briefing paper 

17 Fact sheet: Forest Service trust funds 

18 Fire regime condition class queries 

19 Forest health notes for an Interior Columbia Basin Ecosystem Manage-

ment Project field trip on July 30, 1998 (handout) 

  

http://www.fs.usda.gov/detail/umatilla/landmanagement/resourcemanagement/?cid=stelprdb5326230
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Paper # Title 

20 Height-diameter equations for tree species of the Blue and Wallowa 

Mountains 

21 Historical fires in the headwaters portion of the Tucannon River water-

shed 

22 Range of variation recommendations for insect and disease susceptibility 

23 Historical vegetation mapping 

24 How to measure a big tree 

25 Important insects and diseases of the Blue Mountains 

26 Is this stand overstocked? An environmental education activity 

27 Mechanized timber harvest: some ecosystem management considerations 

28 Common plants of the south-central Blue Mountains (Malheur National 

Forest) 

29 Potential natural vegetation of the Umatilla National Forest 

30 Potential vegetation mapping chronology 

31 Probability of tree mortality as related to fire-caused crown scorch 

32 Review of the “Integrated scientific assessment for ecosystem manage-

ment in the interior Columbia basin, and portions of the Klamath and 

Great basins” – forest vegetation 

33 Silviculture facts 

34 Silvicultural activities: description and terminology 

35 Site potential tree height estimates for the Pomeroy and Walla Walla 

ranger districts 

36 Tree density protocol for mid-scale assessments 

37 Tree density thresholds as related to crown-fire susceptibility 

38 Umatilla National Forest Land and Resource Management Plan: forestry 

direction 

39 Updates of maximum stand density index and site index for the Blue 

Mountains variant of the Forest Vegetation Simulator 

40 Competing vegetation analysis for the southern portion of the Tower Fire 

area 

41 Using General Land Office survey notes to characterize historical vegeta-

tion conditions for the Umatilla National Forest 

42 Life history traits for common conifer trees of the Blue Mountains 

43 Timber volume reductions associated with green-tree snag replacements 

44 Density management field exercise 

45 Climate change and carbon sequestration: vegetation management con-

siderations 

46 The Knutson-Vandenberg (K-V) program 

47 Active management of quaking aspen plant communities in the northern 

Blue Mountains: regeneration ecology and silvicultural considerations 

48 The Tower Fire…then and now. Using camera points to monitor postfire 

recovery 
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Paper # Title 

49 How to prepare a silvicultural prescription for uneven-aged management 

50 Stand density conditions for the Umatilla National Forest: a range of var-

iation analysis 

51 Restoration opportunities for upland forest environments of the Umatilla 

National Forest 

52 New perspectives in riparian management: Why might we want to con-

sider active management for certain portions of riparian habitat conser-

vation areas? 

53 Eastside Screens chronology 

54 Using mathematics in forestry: an environmental education activity 

55 Silviculture certification: tips, tools, and trip-ups 

56 Vegetation polygon mapping and classification standards: Malheur, 

Umatilla, and Wallowa-Whitman national forests 

57 The state of vegetation databases on the Malheur, Umatilla, and Wal-

lowa-Whitman national forests 

REVISION  HISTORY 
March 2014: the first version (328 p.) was released in January 2013; this revision 

was extensive, adding an additional 71 pages of narrative, figures, and refer-

ences. This revision also incorporates the comments and suggested edits of three 

technical peer reviewers (see Acknowledgments). 

 


